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MODIFICATION  TO  MATH  MODEL  FOR  SMALL  INDEPENDENT  ACTION 
FORCES  (SIAF)  FINAL  REPORT 


INTRODUCTION 

This  document,  prepared  by  TRW  Systems  Group,  One  Space  Park, 

Redondo  Beach,  California,  constitutes  the  final  technical  report  on  the 
"Modification  to  Math  Model  for  SIAF"  program.  This  program  was  conducted 
under  ARPA/AMICOM  Contract  Number  DAAH01 -73-C-0914  during  the  period  25  May 
1973  to  31  December  1973.  The  original  study  sponsor  was  the  USACDC  Systems 
Analysis  Group.  Shortly  after  the  start  of  the  work,  cognizance  was  trans- 
ferred to  the  U.  S.  Army  Infantry  School.  The  principal  product  of  this 
program  was  a revision  to  a computerized  simulation  model  of  a SIAF  operating 
in  both  reconnaissances  and  combat  modes  developed  by  TRW  under  previous 
ARPA  contracts. 

The  SIAF  simulation  model  is  provided  as  computer  software  installed  on 
the  CDC  6500  computer  at  Fort  Leavenworth,  Kansas,  and  additions  to  and 
replacements  for  a six-volume  User's  Manual  as  follows: 

Volume  I-Model  Description  and  Programming  Guide  (This  Final  Report  serves 
as  a forward  to  Volume  I) 

Volume  II-Model  Subroutines  (Terrain,  Weather,  Targets) 

Volume  Ill-Model  Subroutines  (SIAF  Function  and  Ancillary  Routines) 

Volume  IV-Model  Program  Listing 

Volume  V-Combat  Initialization  Subroutines 

Volume  VI -Combat  Execution  Subroutines 

These  six  volumes  are  to  be  considered  as  part  of  the  final  report. 

This  final  report  provides  a background  to  the  SIAF  program,  a brief 
description  of  the  features  of  the  integrated  SIAF  model,  and  a summary  of 
the  tasks  performed  durinn  the  current  contract. 

Section  2 of  Volume  I provides  a more  complete  overview  of  the  SIAF 
model.  Full  details  of  the  Individual  submodels  are  provided  in  Volumes  II 
through  VI. 
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BACKGROUND 

In  recognition  of  the  Increasing  Importance  and  complexity  of  small 
military  patrols  in  low  Intensity  guerilla  warfare,  ARPA  activated  the 
Small  Independent  Action  Forces  (SIAF)  program  In  1968.  This  continued 
project  has  as  its  ultimate  objective  the  improvement  of  the  operational 
effectiveness  of  SIAF  units.  One  aspect  of  this  objective  has  been  the 
need  to  develop  a rapid  and  economical  means  of  measuring  patrol  effective 
ness  to  permit  the  effects  of  postulated  improvements  or  changes  to  be 
evaluated.  Namely,  a capability  is  required  to 

0 Study  effects  of  changes  in  equipment 

0 Establish  tradeoffs  for  organization/equipment  mixes 

• Expose  alternative  doctrine  options 

In  furtherance  of  this  objective,  ARPA  has  snonsored  several  types 
of  research  and  development  programs.  These  have  included  the  collection 
of  extensive  field  data  on  the  various  aspects  of  patrol  operations  in 
Southeast  Asia,  equipment  development  programs,  field  test  programs,  and 
a SIAF  computer  model  simulation  program  by  TRW  Systems.  The  model  is 
the  subject  of  this  report. 

The  SIAF  simulation  model  has  been  developed  by  TRW  Systems  under 
seven  successive  programs.  The  first,  under  ARPA/AMICOM  Contract  DAAH01- 
70-C-0141  running  from  August  1969  to  June  1970,  was  to  determine  the 
feasibility  of  structuring  a SIAF  model  for  use  as  an  evaluation  tool. 

The  second,  under  ARPA/AMICOM  Contract  DAAH01-71-C-0100  running  from 
August  1970  to  August  1971  was  to  develop  a computerized  simulation  of  a 
SIAF  patrol  in  a reconnaissance  role.  The  primary  effort  was  formulation 
and  programing  of  the  model  itself.  Volumes  II  and  III  of  the  SIAF  Users 
Manual  describe  primarily  the  results  of  that  effort. 

The  third  TRW  SIAF  program  was  the  SIAF  External  Fire  Support  Study, 
under  ARPA/AMICOM  Contract  DAAH01-/ i-C-1115  running  from  May  1971  to  May 
1972.  An  output  of  that  study  was  an  External  Fire  Support  Submodel  that 
was  incorporated  into  the  SIAF  Reconnaissance  Model. 

The  fourth  SIAF  model  development  program  provided  for  the  develop- 
ment and  programing  of  a fully  computerized  stochastic  combat  submodel 
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which  provided  dynamic  deployment  logic  as  well  as  fully  simulated  small 
arms  fire.  This  work  was  performed  under  ARPA/AMICOM  Contract  DAAH01- 
72-C-0305  running  from  November  1971  to  December  1972.  The  results  were 
fully  Integrated  with  the  previous  SIAF  Reconnaissance  Model. 

Two  subsequent  contracts,  DAAH01 -73-C-0222  and  DAAH01-73-C-0257 
which  were  performed  in  December  1972  and  from  March  1973  to  July  1973, 
respectively,  were  used  to  reprogram  the  SIAF  model  to  run  on  the  CDC 
6500  computer. 

The  final  SIAF  model  development  contract  was  used  to  modify  the 
SIAF  Model.  This  has  been  performed  under  Contract  DAAH01-73-C-0914 
from  June  1973  to  December  1973.  The  work  performed  Is  the  subject  of 
this  report. 

MODEL  SUMMARY 

The  Small  Independent  Action  Forces  (SIAF)  Model  is  a computer 
simulation  intended  for  use  in  evaluating  the  effectiveness  of  alterna- 
tive SIAF  concepts.  The  model  essentially  accepts  as  Input  a military 
operations  plan,  such  as  would  be  prepared  by  a military  commander  in 
the  field  for  an  actual  patrol  operation,  and  simulates  this  operation 
on  a computer.  It  considers  both  i cconnalssance  and  combat  missions. 

The  SIAF  Model  simulates  the  interactions  of  the  operations  plan  with 
the  terrain,  weather,  and  enemy  situation.  It  considers  a total  mission 
from  beginning  to  end.  The  output  of  the  model  is  the  effectiveness  of 
the  particular  operation  under  consideration.  During  the  simulation  of 
activities  and  events  which  occur  during  SIAF  operations,  the  model 
calculates  statistics  pertaining  to  movement,  navigation,  surveillance 
and  detection,  fire  support,  supply  maintenance,  human  maintenance, 
conmuni cations,  and  casualties. 

The  model  is  checked  out  and  is  ready  for  use.  It  can  be  applied  to 
a variety  of  problems  involving  the  effectiveness  of  SIAF  operations, 
such  as  the  effects  of  postulated  improvements  and  determination  of 
performance  capabilities  of  these  type  units.  It  can  also  be  used  to 
study  the  sensitivities  with  respect  to  numerous  input  variables. 
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Listed  below  are  some  of  the  features  of  the  SIAF  model  compared  to 
other  models  which  might  be  used  for  the  same  purpose: 

1)  It  simulates  the  entire  mission  from  start  to  finish  and  is  capa- 
ble of  considering  up  to  10-day  missions.  This  differs  from 
many  existing  models  of  patrol  operation  which  consider  only  a 
partial  mission  segment.  The  functions  of  movement,  navigation, 
surveillance  and  detection,  fire  support,  supply  maintenance, 
human  maintenance  and  external  conmuni cations  and  their  inter- 
actions are  explicitly  considered  in  the  model. 

2)  It  includes  a detailed  and  realistic  treatment  of  terrain  consid- 
ering relief,  vegetation,  obstacles,  cultural  features  and  sur- 
face material.  This  differs  from  other  existing  models  in  that 
for  this  model  relief  is  represented  by  a continuous  surface, 
and  vegetation  is  represented  throughout  the  entire  area  of 
operations  instead  of  just  locally. 

3)  It  has  an  explicit  detailed  treatment  of  visual  detection  consid- 
ering instantaneous  locations  of  each  SIAF  and  target  individual 
as  well  as  light  level,  reflectivity  and  background. 

4)  It  includes  dynamic  movement  of  the  patrol  and  detailed  target 
movement.  The  patrols  can  advance  toward  targets  or  can  be  made 
to  move  around  them. 

5)  The  suppressive  effect  of  incoming  fire  is  considered  for  both 
movement  and  outgoing  fire. 

The  combat  model  has  the  following  detailed  features: 

1)  It  considers  the  events  and  conditions  just  prior  to  entering 
combat  as  well  as  the  combat  itself.  Thus  allowing  study  of  the 
effect  of  pre-combat  conditions  and  of  entry  into  and  exit  from 
combat . 

2)  It  considers  ambush,  attack,  defense  and  meeting  engagements. 

3)  It  is  stochastic  and  considers  the  attributes  of  each  man  on 

\ both  sides.  It  considers  individual  fire-target  combinations. 
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4)  It  relates  the  progress  and  the  outcome  of  combat  operations 
to  environmental  variables  such  as  terrain,  weather,  etc.,  as 
well  as  to  the  combat  power  on  each  side. 

5)  It  allows  a study  of  combat  alone  or  combat  in  combination  with 
reconnaissance  and/or  in  combination  with  the  complete  SIAF 
mission. 

6)  It  considers  EPS  and  organic  weapon  combat. 

7}  It  allows  user- input  to  many  of  the  variables  and  decision 
factors  so  as  to  study  the  effect  of  variations  of  these. 

SUMMARY  OF  ACTIVITY 

Technical  Objective 

The  objective  of  Contract  DAAH01-73-C-0914  "Modification  to  Math 
Model  for  Small  Independent  Action  Forces",  is  to  imorove  the  capability 
and  utility  of  the  previously  developed  SIAF  model. 

Technical  Requirements 

This  section  discusses  each  of  the  requirements  specified  in  Techni- 
cal Requirement  Number  1816,  which  is  an  attachment  to  the  contract. 

1.0  Qigital  Elevation  Data  - The  SIAF  model  now  has  the  capability  to 
use  digital  elevation  data  from  tapes  provided  by  the  Defense  Mapping 
Agency.  Using  subroutines  created  by  the  Systems  Analyses  Group  of 
USACDC,  a T0P0C0M  tape  is  unpacked  and  a disk  file  is  created  for  the 
area  of  operations.  This  disk  file  contains  elevation  data  at  the 
maximum  resolution.  When  the  SIAF  model  is  run,  the  elevation  data  is 
read  from  the  disk  at  the  desired  resolution.  Changes  were  made  to  the 
storage  sequence  for  elevation  data  such  that  the  area  of  operations  can 
be  of  any  dimensions.  The  USACDC  supplied  subroutines  are  described  in 
Volume  III,  Sections  10.5  to  10.7  (MAPGEN,  CONVERT,  ROTATE). 

1.1  Tape  Supplied  - The  SIAF  sample  case  was  run  using  a T0P0C0M  tape 
containing  elevations  from  the  northern  half  of  map  sheet  17551.  This 
area  is  part  of  the  Hunter- Liggett  Military  Reservation  near  King  City, 
California.  The  maximum  resolution  of  the  data  is  12.7  meters. 


1.2  Variable  Terrain  Resolution  - The  capability  is  provided  for  varying 
the  terrain  resolution  when  changing  from  a reconnaissance  mode  to  a com- 
bat mode  and  vice  versa.  At  the  start  of  the  model  the  elevation  data  is 
read  from  the  disk  according  to  reconnaissance  resolution  by  Subroutine 
RCREAD  (See  Volume  III,  Section  10.9).  When  a combat  decision  is  made, 
the  reconnaissance  data  is  saved  on  a temporary  file  while  Subroutine 
CMREAD  obtains  from  the  original  disk  file  the  elevation  data  at  combat 
resolution  (See  Volume  III,  Section  10.8).  Due  to  the  requirement  for 
more  storage  at  greater  resolution,  the  area  considered  during  combat  is 
smaller  than  the  entire  area  of  operations.  The  center  of  the  combat 
area  is  determined  dynamically  by  considering  the  SIAF  position,  target 
position,  projected  deployment  point,  and  projected  engagement  point. 

The  best  shaped  rectangle  for  containing  these  points  is  selected.  In 
case  the  boundary  of  this  area  is  crossed  during  combat  the  combat  area 
is  shifted.  This  is  done  by  Subroutine  OUTSID  (See  Volume  III,  Section 
10.10).  When  the  simulation  returns  to  a reconnaissance  mode,  the  old 
elevation  data  is  retrieved  by  Subroutine  CCNMIS  (See  Volume  VI,  Section 
3.14) 

2.0  Vegetation,  Microrelief,  and  Soil  Shapes  - The  Terrain  Submodel  has 
been  reprogramred  to  consider  vegetation,  microrelief,  and  surface  fea- 
tures as  polygons.  These  polygons  are  input  as  rectangles,  circles,  or 
triangles.  Dominant  classes  are  used  to  describe  the  area  not  covered  by 
a polygon.  (See  Volume  II,  Section  2.1) 

3.0  Antipersonnel  Mines  - Capability  has  been  added  to  allow  a pre- 
planned Claymore  mine  ambush.  In  the  reconnaissance  mode  the  SIAF  moves 
to  the  mine  deployment  area  and  hand  emplaces  the  mines.  When  a target 
comes  within  detection  range,  control  is  shifted  to  the  Combat  Submodel 
to  consider  detailed  detection,  movement,  and  lethality  of  the  mines. 

(See  Subroutine  MINES  in  Volume  VI,  Section  3.18). 

4.0  Dynamic  Action/Reaction  _ Provisions  have  been  made  to  allow  dynamic 
actions  and  reactions  of  the  two  opposing  forces  in  combat.  The  action 
is  taken  following  detection  of  the  adversary.  When  the  target  detects 
the  attacker,  it  can  either 
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• wi thdraw 

• deploy  in  place 

• open  fire 

• ignore  the  detection 

• rotate  the  formation 

• move  to  best  deployment  position 

The  desired  option  is  a user  input.  If  the  attacker  detects  a change  in 
the  original  status  of  the  target,  it  can  withdraw,  change  its  deployment 
point,  or  exchange  roles  between  the  maneuver  unit  and  the  base  of  fire. 
The  target  then  gets  to  react  one  more  time  to  a subsequent  detection  of 
a change  in  the  attacker's  intent.  This  capability  is  described  in  Sub- 
routines REACT  and  CREACT  (See  Volume  VI,  Sections  3.16  and  3.17). 

5.0  Internal  Conmuni cations  - An  internal  conmuni cations  submodel  has 
been  added  to  the  SIAF  Combat  Model  to  introduce  delay  times  for  communi- 
cations between  maneuver  units.  Three  messages  were  incorporated  for  use 
requiring  internal  communications.  These  are  “break  contact"  "change 
deployment  point",  and  "exchange  roles  between  the  base  of  fire  and  the 
moving  maneuver  unit".  For  each  message  an  heirarchy  of  preferred 
communications  means  is  input.  These  are  selected  from  visual  hand 
signals,  aural  communication,  radio,  smoko  grenades,  and  sending  a 
messenger.  Additional  messages  could  be  easily  added  to  this  list. 
Internal  conmuni cations  are  controlled  by  Subroutine  IC  (See  Volume  III, 
Section  8.2). 

6.0  Hand  Grenades  - Hand  grenades  have  been  added  as  an  alternative 
weapon  for  a fi refight.  Logic  was  developed  such  that  hand  grenades 
are  used  at  short  ranges  when  the  firer  >s  highly  suppressed.  Existing 
routines  in  the  Fire  Control  and  Lethality  Submodel  were  expanded  to 
cover  the  employment  decision  and  the  simulation  of  the  lethality  of 
hand  grenades.  (See  Volume  VI,  Section  2) 

7.0  External  Fire  Support  - An  extensive  effort  was  undertaken  to  pro- 
vide a stochastic,  dynamic  model  of  external  fire  support  during  combat. 
Subroutines  EFSTIM  (See  Volume  III,  Section  5.3)  computes  the  times  of 
arrival  of  either  artillery  shells  or  bombs.  This  is  based  on  the  tacti- 
cal situation  and  the  input  delay  times  associated  with  requesting  fire 
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support.  Subroutine  EFS1  (See  Volume  III,  Section  5.2)  stochastically 
computes  the  effects  of  each  burst.  This  is  based  on  input  range  and 
deflection  errors,  ballistic  dispersion  errors,  and  lethality  data.  Pro- 
visions are  included  to  adjust  firing  between  volleys  when  an  observer 
is  present. 

8.0  Model  Demonstration  and  Validation  - This  requirement  calls  for  the 
performance  of  test  runs  on  the  USACDC  6500  computer  at  Fort  Leavenworth, 
Kansas.  These  test  runs  are  to  be  selected  from  historical  examples, 
field  tests,  or  other  appropriate  sources.  They  are  to  be  used  to  verify 
the  predictive  capabilities  of  the  integrated  reconnaissance  and  combat 
SIAF  model.  Considerable  effort  was  undertaken  to  discover  appropriate 
data  soruces  to  use  for  a test  case.  The  SIAF  model  requires  very  specific 
inputs  in  terms  of  a detailed  operations  plan,  a tape  containing  the 
elevation  and  vegetation  data  for  the  area  of  operations,  the  weather, 
and  detailed  information  on  the  locations  of  the  targets.  In  the  Combat 
Model,  the  SIAF  makes  decisions  based  on  input  decision  criteria.  Al- 
though extensive  data  was  collected  by  The  Vertex  Group  of  the  Research 
Management  Corporation  on  historical  SIAF  operations,  the  data  require- 
ments for  a simulation  were  not  met.  In  the  area  of  field  tests,  it  was 
found  that  the  only  appropriate  field  test  was  the  reconnaissance  test 
performed  at  Hunter-liggett  in  1971.  This  was  previously  simulated  and 
the  results  are  presented  in  Volume  I,  Section  6.  It  does  not  include  any 
of  the  combat  model . 

The  approach  taken  by  TRW  to  satisfy  this  task  was  in  two  parts.  The 
first  is  a detailed  validation  through  an  experimental  field  test  of  the 
line-of-sight  prediction  portion  of  the  model.  This  was  felt  important 
because  it  is  a key  driver  of  the  events  in  the  model.  For  this  purpose 
an  experiment  was  performed  at  the  Hunter-Liggett  Military  Reservation 
where  line  of  sight  distances  were  measured  from  known  locations  at 
various  headings.  This  test  was  simulated  using  the  appropriate  portions 
of  the  SIAF  model  with  the  elevation  data  tape  from  the  Defense  Mapping 
Agency.  Resolution  was  varied  from  12.7,  25.4  and  50.8  meters  between 
elevation  points.  Results  were  found  to  be  very  close  for  rolling  terrain 
at  the  12.7  meter  resolution,  with  a fast  decline  in  accuracy  as  resolu- 
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tion  was  lowered.  The  simulation  was  also  performed  using  the  ASARS 
technique  of  modelling  relief.  It  was  found  that  the  SIAF  technique 
was  slightly  more  accurate  at  12.7  meter  resolution  and  that  the  ASARS 
technique  did  not  give  credible  results  at  lesser  resolutions.  This 
test  Is  described  in  Volume  I,  Section  8. 

The  second  step  in  model  verification  is  to  present  a detailed 
examination  of  a sample  case.  This  case  is  to  be  demonstrated  at  the 
SIAF  Executive  Overview  Meeting  on  18  January  1974  at  Fort  Benning, 

Georgia.  The  presentation  will  show  the  decisions,  events,  actions, 
and  results  of  the  SIAF  simulation  for  a typical  scenario.  A qualita- 
tive assessment  is  to  be  made  by  experienced  SIAF  personnel.  The  sample 
case  is  also  presented  in  Volume  I,  Section  6. 

9.0  Documentation  - The  documentation  for  the  current  contract  is  pro- 
vided as  augmentation  to  the  documentation  from  previous  contracts.  The 
most  recent  version  was  published  in  December  1972.  All  routines  that  were 
added  or  modified  are  to  be  replaced  or  added  as  specified  in  the  augmen- 
tation instructions.  The  result  is  an  integrated  whole. 

10.0  Train  Government  Personnel  - A training  class  is  scheduled  for  the 
week  of  14  January  1974  at  Fort  Benning,  Georgia.  This  class  will  teach 
analysts  and  programmers  to  understand,  use,  and  modify  the  SIAF  model. 

The  class  sessions  are  to  be  videotaped  and  placed  in  the  videotape 
library  at  the  U.S.  Army  Infantry  School. 

11.0  Stop/Restart  - Capability  has  been  added  to  the  model  to  allow 
several  stop  points.  At  the  point  in  the  model  that  the  stop  point  is 
reached,  all  of  the  common  blocks  are  copied  onto  a disk.  The  model  can 
then  be  restarted  from  that  point  for  later  use.  This  allows  playing 

the  combat  portion  separately  and  running  it  many  times  without  repeating 
the  earlier  portions  of  the  mission.  This  is  performed  by  Subroutine 
RESTRT  (See  Volume  III,  Section  10.4). 

12.0  Integrated,  Debugged  Model  - The  additions  to  the  SIAF  Model  have 
been  fully  integrated  with  the  previous  version.  The  model  has  been  de- 
bugged and  is  operational.  At  the  time  of  this  writing,  it  is  scheduled 
to  be  installed  on  the  CDC  6500  computer  at  Fort  Leavenworth,  Kansas 
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within  a few  days.  Since  the  previous  version  Is  currently  Installed, 
no  difficulties  are  foreseen. 

13.0  Model  and  Documentation  Requirements  - Standards  for  the  model  and 
the  documentation  have  been  fully  followed  from  USACDC  supplement  1 to 
AR-18-7  Appendix  M. 
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This  document,  prepared  under  ARPA  Contract  DAAH01-73-C-0914,  contains 
changes  and  additions  to  Volume  I,  of  the  SIAF  System  Model  User's  Manual, 
15  Oecember  1972;  hence,  these  pages  replace  or  augment  appropriate  pages 
of  the  above  referenced  document.  Table  I provides  Instructions  for  accom- 
plishing these  changes  to  Volume  I.  (The  pages  In  this  document  appear  In 
the  order  In  which  they  are  referenced  In  Table  I.  As  shown  In  Table  I, 
for  example.  Pages  1 through  lx  of  this  dociment  replace  Pages  1 through 
xl 1 1 of  Volume  I of  the  User's  Manual  dated  15  December  1972. 
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1.0  INTRODUCTION 

The  Small  Independent  Action  Forces  (SIAF)  System  Model  User's  Manual 
consists  of  six  volumes.  Volume  I provides  the  information  necessary  to 
actually  operate  the  model  on  the  computer  while  Volumes  II,  III,  V and 
VI  provide  the  more  detailed  analysis  and  discussion  of  the  subroutines. 

Volumes  II  and  III  contain  the  reconnaissance  routines  developed 
under  ARPA  Contract  DAAH01  - 71  -C-0100  while  Volumes  V and  VI  are  the  corrfcat 

routines  developed  under  Contract  DAAH01-72-C-0305.  All  of  the  volumes 
have  been  modified  under  Contract  DAAH01-73-C-0914. 

These  volumes  are  as  follows: 

Volume  I - Model  Description  and  Programing  Guide 

Volume  II  - Reconnaissance  Subroutines  (Terrain,  Weather, 

Targets) 

Volume  III  - Reconnaissance  Subroutines  (SIAF  Functions  and 
Ancillary  Routines) 

Volume  IV  - Model  Program  Listing 

Volume  V - Contat  Initialization  Subroutines 

Volume  VI  - Contat  Execution  Subroutines 

The  first  volume  contains  general  information  concerning  the  use  of 
the  model.  The  first  section  contains  a qualitative  description  of  the 
model  and  associated  subroutines.  This  is  followed  by  sections  which 
present  alphabetical  lists  of  the  model  input  and  output  variables.  Next, 
the  model  subroutines  are  presented  and  suntnarlzed  (details  of  each  sub- 
routine are  contained  in  Volumes  II,  III,  V and  VI).  Finally,  a sample 
case  consisting  in  part  of  the  simulation  of  a test  conducted  at  Hunter 
Liggett  Military  Reservation  and  computer  operating  procedures  are  included. 
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2.0  PROGRAM  DESCRIPTION 

The  S1AF  system  model  Is  a computer  simulation  intended  for  use  in 
evaluating  the  effectiveness  of  alternative  SIAF  concepts.  This  model 
essentially  accepts  as  Input  a military  operations  plan,  such  as  would  be 
prepared  by  the  military  commander  for  an  actual  patrol  operation,  and 
simulates  this  operation  In  a computer  environment.  It  considers  a small 
Independent  action  force  which  follows  this  operations  plan,  and  considers 
both  reconnaissance  and  combat  missions.  The  SIAF  model  simulates  the 
Interaction  of  the  operations  plan  with  the  terrain,  weather,  and  enemy 
situation  and  considers  a total  mission  from  beginning  to  end.  The  output 
of  the  model  is  the  effectiveness  of  the  particular  operation  under  consider- 
ation. During  the  simulation  of  the  activities  and  events  which  occur 
during  SIAF  operations,  the  model  calculates  statistics  pertaining  to  movement, 
navigation,  surveillance  and  detection,  fire  support,  supply  maintenance, 
human  maintenance,  and  communications.  The  specific  objectives  of  this 
modeling  effort  were  as  follows: 

1)  Develop  a methodology  for  modeling  a SIAF  patrol  and 
implement  the  methodology. 

2)  Quantitatively  measure  the  reconnaissance  and  combat 
effectiveness  of  alternative  SIAF  concepts. 

3)  Identify  those  variables  which  have  the  greatest 
Impact  on  the  overall  effectiveness  of  SIAF. 

2. 1 SIAF  MEASURES  OF  EFFECTIVENESS 

In  order  to  satisfy  the  objectives  stated  above,  one  of  the  first 
tasks  that  had  to  be  performed  was  that  of  defining  appropriate  measures 
of  effectiveness  for  SIAF  since  these  are  essentially  the  outputs  of  the 
model.  For  this  purpose,  experienced  patrol  leaders  representing  various 
military  organizations  were  Interviewed.  Based  upon  these  discussions,  a 
list  of  measures  of  effectiveness  was  identified.  Some  of  these  measures 
are  shown  in  Figure  2.1. 

As  an  example  of  how  these  measures  are  applied  to  a SIAF  problem, 
consider  a situation  where  the  user  desires  to  compare  the  relative  merits 
of  two  sensor  systems,  one  of  which  is  bulkier  and  requires  a larger  crew 
but  Is  very  reliable,  versus  less  reliable  equipment  which  is  lighter  and 
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requires  « smaller  crew.  For  this  purpose,  measures  such  as  detection  per 
detection  opportunity  and  man  days  per  detection  might  be  selected  as  being 
fundamental.  Given  such  data,  trade-offs  are  readily  obtained  providing 
useful  guidance  for  research  and  development  decision  making.  For  examining 
and  answering  questions  pertaining  to  engagement,  tne  classical  measures: 
casualties,  exchange  ratio  (enemy  casualtles/SIAF  casualties),  and  survivor 
ratio  (SIAF  survivors /enemy  survivors)  are  computed.  These  measures  are 
often  used  In  the  evaluation  of  competing  patrol  weapons  mixes.  Another 
possibility  Is  that  one  might  not  be  Interested  In  casualties,  per  se, 
but  In  the  number  of  times  SIAF  Is  able  to  direct  fire  on  the  enemy.  This 
measure  Is  also  calculated  by  the  model. 

Ancillary  statistics  are  Intended  to  be  of  value  for  elucidation  of 
cause  and  effect  relationships.  As  a simple  example  In  the  use  of  these 
statistics,  suppose  that  It  Is  consistently  found  that  battery  life  Is  a 
principal  cause  of  communication  failures.  Given  typical  patrol  durations 
and  communication  frequencies,  a clear  justification  Is  available  for  a 
development  effort  aimed  at  extending  power  source  endurance. 

In  summary,  because  of  the  requirement  for  the  model  to  apply  to 
general  SIAF  problems,  a large  number  of  measures  and  ancillary  statistics 
are  calculated  and  provided  by  the  model.  Application  of  the  model  requires 
that  the  user  select  from  these  data  those  statistics  which  pertain  to  the 
particular  problem  of  Interest.  (Details  of  the  model  outputs  are  provided 
In  Section  4.0  of  this  volume.) 

2.2  MODEL  APPROACH  AND  REQUIREMENTS 

The  approaches  considered  for  the  SIAF  model  included  an  analytical 
model,  war  gaming,  and  computer  simulation.  During  this  evaluation,  a purely 
analytic  model  was  discarded  since  It  does  not  have  the  generality  necessary 
to  meet  project  requirements.  War  gaming  Is  too  slow  and  unwieldy  for  most 
SIAF  purposes  and  Is  usually  valuable  only  If  copious  resources  and  time  are 
available.  Field  exercises  and  combat  testing  were  also  considered  but  were 
ruled  out  since,  at  times,  conceptual  systems  must  be  studied  by  the  decision 
maker.  Simulation  using  analytical  submodels  was  judged  to  combine  the 
necessary  generality  and  flexibility  with  acceptable  speed  and  economy.  The 
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computer  simulation  method  allows  for  comparing  alternative  concepts 
(1.  e.,  different  mixes  of  personnel,  material,  and  procedures)  within  a 
scenario  of  fixed  conditions  and  assumptions.  For  the  SIAF  project.  It 
constituted  a clear  first  choice. 

Once  simulation  was  selected  for  developing  the  SIAF  mathematical 
model,  the  next  task  was  to  prepare  specifications  for  developing  this 
model.  The  purpose  of  these  specifications  was  to  Identify  required  model 
Inputs,  outputs,  and  submodels.  To  this  end.  It  was  recognized  that  the 
measures  of  effectiveness  Illustrated  In  Figure  2.1  depend  upon  five  basic 
factors  which  are  the  terrain,  weather,  enemy  situation,  friendly  situation 
in  terms  of  units  which  support  SIAF  operations,  and  the  specific  SIAF 
operations  plan  being  considered.  Since  the  basic  purpose  of  the  model  Is 
to  estimate  the  effectiveness  of  SIAF  operations  as  a function  of  changes 
In  these  factors,  they  were  essentially  Identified  as  Inputs  to  the  model. 
This  is  illustrated  in  Figure  2.2. 

In  identifying  the  submodel  areas,  a vigorous  effort  was  made  to 
develop  a model  which  Is  as  realistic  as  possible.  To  this  end.  It  was 
recognized  that  In  the  real  world  a patrol  leader  prepares  an  operations 
plan  before  he  starts  the  mission.  In  this  operations  plan,  he  considers 
the  functions  of  movement,  navigation,  surveillance  and  detection,  fire 
support,  supply  maintenance,  human  maintenance,  communications,  and  comnand 
and  control.  In  addition,  these  are  the  essential  functions  the  patrol 
performs  during  the  execution  of  the  plan.  Hence,  these  areas.  In  addition 
to  terrain,  weather,  and  enemy,  were  Identified  as  the  major  areas  for  sub- 
model development.  (See  Figure  2.3.) 

Although  submodels  In  each  of  these  areas  could  conceivably  be 
independently  developed,  a realistic  simulation  of  patrol  operation  must 
also  consider  the  Interactions  of  the  functions  shown  in  Figure  2.3  with 
each  other  and  the  weather,  terrain,  and  enemy  situation.  For  example, 
the  movement  rate  a patrol  selects  will  be  a function  of  the  terrain  and 
weather,  pack  weight,  and  fatigue  of  the  patrol  members.  This  will  have  an 
impact  on  the  patrol  duration,  distance  traveled,  the  visual  detection 
capability  of  the  patrol,  and  the  possibility  that  the  patrol  is  detected. 
That  Is,  If  the  patrol  moves  rapidly  over  rough  terrain,  the  patrol  sur- 
veillance capability  Is  decreased  since  more  attention  must  be  devoted  to 
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movement  and,  consequently,  less  can  be  devoted  to  surveillance.  In  addition, 
movement  Is  a cue  for  visual  detection  and,  hence,  increases  the  possibility  of 
detection  by  the  enemy.  This  patrol  movement  rate  also  influences  the  energy 
expenditure  rate  of  the  patrol  and  the  food  and  water  requirements  which  are 
functions  of  the  temperature  and  humidity  and  v^ich,  in  turn,  influence 
subsequent  patrol  movement  rates.  These  are  examples  of  the  complex 
interactions  *rfiich  are  considered  in  this  model.  These  interactions  are 
extremely  important  since  equipments  and  tactics  which  lead  to  improvements 
in  some  areas  could  possibly  result  in  a decrease  in  effectiveness  in  other 
areas  (see  Figure  2.1). 

2.3  THE  EXECUTIVE  ROUTINE 

The  performance  of  many  of  the  functions  identified  previously  depend 
upon  physical  environment  parameters  of  terrain  and  weather;  as  such, 
these  subroutines  use  this  information  as  input  data.  The  problem  here  is 
that  the  physical  environment  parameters  change  with  the  location  of  the 
patrol  on  a route  such  as  that  shown  In  Figure  2.4;  however,  the  sub- 
routines are  constrained  to  accept  only  a single  value  for  a particular 
variable.  A simple  solution  to  the  problem  Is  to  time  step  the  patrol 
through  the  route  using  small  time  Intervals.  The  idea,  of  course.  Is 
that  if  the  time  Intervals  are  sufficiently  small,  one  can  assume  that 
the  appropriate  physical  environment  parameters  are  constant  during 
this  Interval.  This  approach,  however,  was  not  selected  since  it  was  felt 
that  this  would  result  In  excessive  model  running  time.  A time  step  of 
30  seconds,  for  example,  would  result  In  28,800  time  Intervals  for  a 
patrol  with  a 10-day  mission.  Also,  visual  detection  probability  changes 
drastically  as  a function  of  light  level;  hence,  it  is  desirable  to  examine 
events  on  a shorter  time  Interval  basis  during  periods  of  sunrise  and 
sunset. 

The  possibility  of  using  a purely  distance  driven  simulation  was  also 
considered.  However,  this  approach  is  complicated  by  the  fact  that  the 
patrol  may  conduct  stationary  reconnaissance  operations  for  long  periods 
of  time  and  normally  reports  Its  position  and  status  to  the  base  on  a 
periodic  basis  (a  function  of  time).  Also,  some  targets  are  of  such  a 
nature  that  they  may  enter  and  leave  the  simulation  as  a function  of  time, 
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further  complicating  the  manner  in  which  the  model  is  driven.  Likewise, 
a purely  event  driven  simulation  was  discarded  since  events  such  as 
movement  and  surveillance  and  detection  are  continuously  occurring  in 
patrol  operations. 

The  resulting  executive  routine  essentially  consists  of  a marriage  of 
these  ideas.  The  basis  of  the  concept  is  a grid  square  approach  for  in- 
putting digitized  terrain  data  and  is  Illustrated  in  Figure  2.5.  With 
this  approach,  a map  of  the  area  of  operations  is  divided  into  grid  squares 
whose  resolution  is  user  input.  The  total  area  is  assigned  a vegetation 
class  with  exceptions  to  this  as  subareas  (polygons),  in  the  form  of 
rectangles,  circles,  and  triangles  (user  input)  assigned  to  the  total 
(see  Volume  II  for  discussion  of  the  terrain  model).  Based  upon  the  axis 
of  advance  of  the  patrol,  a segment,  defined  as  the  distance  of  the  first 
grid  crossing,  checkpoint,  obstacle,  or  polygon  crossing,  whichever  is 
smaller,  is  first  generated  as  shown  in  Figure  2.5(b).  The  movement 
rate  over  this  segment  is  next  calculated  and  a segment  time  is  computed. 

This  segment  time  is  then  checked  to  see  if  any  target  movement  or 
comnuni cation  events  are  to  occur  within  the  segment.  If  so,  the  segment 
is  redefined  as  the  distance  the  patrol  moves  to  the  time  that' particular 
event  is  scheduled  to  occur.  Once  a segment  is  defined,  statistics 
pertaining  to  the  functions  shown  in  Figure  2.3  are  calculated  and  accumulated 
for  the  segment.  After  these  calculations,  another  segment  is  generated  and 
the  process  is  continued  until  the  last  checkpoint  is  reached. 

If  the  SIAF  patrol  is  stationary,  a time  driver  subroutine  drives  the 
model  and  uses  criteria  of  light  level  and  target  movement  for  determining 
the  time  step.  During  periods  where  the  light  level  is  relatively  constant 
and  targets  are  beyond  feasible  detection  ranges,  the  time  interval  selected 
is  large.  When  light  level  changes  rapidly  the  time  step  is  automatically 
reduced  to  account  for  the  change  in  visual  detection  capability  which 
occurs  in  this  situation.  Again,  statistics  pertaining  to  the  functions 
shown  in  Figure  2.3  are  accumulated  for  each  time  segment. 

In  addition  to  the  distance  and  time  segments  defined  previously,  a 
subset  of  these  called  mini-segments  are  also  generated  when  detections 
are  feasible.  Figure  2.6  illustrates  this  concept  which  operates  as 
follows:  During  a simulation  of  the  mission,  many  of  the  targets  in  the  area 

of  operations  are  not  feasible  of  being  detected  because  of  the  distance 
between  them  and  the  SIAF  patrol.  For  each  segment,  feasibility  of 
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target  detection  1$  checked  at  the  minimum  range  point  and.  If  not  feasible, 
the  target  Is  not  considered  during  the  next  series  of  calculations.  If 
feasible,  on  the  other  hand,  the  line  of  sight  between  SIAF  and  the  target 
could  change  as  a function  of  their  relative  positions  In  the  segments. 

In  this  situation,  both  SIAF  and  target  segments  are  divided  Into  mini- 
segments.  The  length  of  the  mini-segments  are  user  Input.  In  this  situ- 
ation, the  program  advances  SIAF  and  each  feasible  target,  a mini-segment 
at  a time,  and  determines  a detection  verdict  for  each  mini -segment.  For 
this  calculation  two  options  are  available:  In  the  first  of  these,  the 

centroid  of  the  patrol  and  each  target  are  examined  to  determine  if  line 
of  sight  exists.  If  so,  then  it  Is  assumed  that  line  of  sight  exists 
between  all  members  of  each  group.  The  user  also  has  the  option  of 
treating  man-to-man  Intervisibility  In  which  he  can  consider  the  relative 
location  of  each  Individual  In  both  the  patrol  and  target  formations  (see 
the  Surveillance/Oetectlon  Submodel,  Volume  III,  Section  4.0,  for  the 
details).  This  option  accounts  for  the  fact  that  some  of  the  individuals 
in  a particular  group  may  not  be  visible  by  all  members  of  the  other  group. 

Thus,  the  user  can  consider  the  patrol  as  one  point  or  consider  Individuals 
as  desired.  These  options  essentially  serve  to  automatically  increase 
the  resolution  of  the  model  when  required  and  use  less  detail  resolution 
when  this  Is  appropriate.  All  of  these  features  serve  to  minimize  the 
running  time  of  the  model  and  provide  the  user  the  option  of  selecting  the 
resolution  he  desires. 

2.4  SIAF  SUBMODELS  AND  SUBROUTINES 

In  this  section,  each  of  the  submodels  shown  In  Fiqure  2.3  is 
summarized  and  the  interactions  among  them  are  described.  The  subroutines 
described  herein  are  listed  in  Section  5.0  of  this  volume  for  ease  in 
referencing.  Volumes  II,  III,  V and  VI  contain  detailed  information 
concerning  these  submodels  and  subroutines. 

2.4.1  SIAF  Terrain  Submodel 

The  purpose  of  the  SIAF  Terrain  Submodel  Is  to  provide  a repre- 
sentation of  the  terrain  for  use  in  line-of-sight  and  slope  calculations. 
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and  for  considering  factors  such  as  the  vegetation  at  various  points  in  the 
area  of  operations  as  required  by  the  other  subroutines.  This  submodel 
considers  the  following  factors: 

t Relief 

• Vegetation 

• Obstacles  and  Cultural  Features 

• Micro-Relief 

• Surface  Materials 

The  manner  in  which  these  factors  are  treated  in  this  submodel  is 
summarized  below. 

Relief 

The  basic  approach  for  treating  relief  is  to  divide  the  map  into  grids, 
whose  size  is  a user  input.  The  grid  elevation  data  is  obtained  from  a 
military  "T0P0C0M"  tape  of  the  area  of  operations.  The  tape  contains  digi- 
tized elevation  data  of  various  areas  and  is  of  a high  resolution.  Thus, 
the  elevation  data  represents  the  elevation  at  each  comer  of  the  grid 
square.  Based  upon  these  data,  the  model  generates  a hyperbolic  surface 
between  the  points  for  each  grid  square.  Figure  2.7  illustrates  this  surface 
for  two  grid  squares.  In  order  to  explain  and  illustrate  the  results  which 
are  obtained  with  this  approach,  an  ionic  model  of  four  grid  squares  was 
developed.  Figure  2.8  is  a photograph  of  this  model.  It  illustrates  the 
curved  surface  which  is  obtained  from  the  four-comer  input  data. 

As  an  example  of  the  impact  of  various  resolutions  on  the  accuracy 
of  the  relief  representation,  a study  was  made  using  Army  mao  sheet 
1755  IV  NE,  Alder  Peak  California,  1:25,000.  Figure  2.9  shows  actual 
contours  and  the  contours  which  result  from  this  model  using  100-meter 
resolution.  These  100-meter  data  were  obtained  from  a listing  of  an  Army 
digitized  terrain  tape  of  the  area.  The  Figure  illustrates  how  much  of  the 
section  of  road  can  be  observed  from  the  observation  post  for  both  sets  of 
ontours;  there  is  considerable  error  in  the  results  obtained  from  the 
model  when  the  100-meter  resolution  is  used.  Figure  2.10  shows  the  same 
situation  for  50-meter  resolution.  These  illustrations  show  that  accuracy 
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Figure  2.7,  Terrain  Model  - Relief  and  Vegetation  Summary 
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Figure  2.8,  Photograph  of  an  Iconic  Model  of  the 

CUP  UalKAmatiral  Toif»ipain  Unite  1 


Figure  2.9,  Comparison  of  100-Meter 
Data  with  Map  Contours 
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of  relief  representation  Is  considerably  better  with  50-meter  resolution. 

It  is  interesting  to  note  that  the  terrain  for  which  this  comparison  was 
made  is  fairly  rugged.  Hence,  the  preceding  analysis  probably  represents  a 
worst- case  situation. 

Further  comparison  of  the  relief  part  of  this  model  to  field  experi- 
ments is  presented  In  Section  8.0  of  this  model. 

Vegetation 

The  problem  of  appropriately  modeling  the  vegetation  factor  of  terrain 
for  SIAF  was  approached  In  two  steps.  First,  It  was  necessary  to  develop 
an  appropriate  vegetation  classification  scheme.  Second,  it  was  necessary 
to  determine  the  manner  in  which  this  scheme  could  best  be  used,  in 
conjunction  with  the  relief  portion  of  the  Terrain  Submodel. 

The  vegetation  classes  considered  in  this  submodel  are  summarized 
in  Figure  2.7.  As  shown  in  the  figure,  each  class  of  vegetation  consists 
of  a certain  amount  of  grass,  brush,  and  trees.  The  features  within 
each  class  are  assumed  to  be  distributed  at  random.  To  the  total  area 
for  which  elevation  is  input  is  assigned  one  number  from  1 to  12  to 
represent  the  class  (dominant)  of  vegetation  to  be  found  within  the  area. 
Exceptions  to  this  are  inputted  as  subareas  in  the  form  of  triangles, 
circles,  and  rectangles  and  are  also  assigned  a number  from  1 to  12  and  are 
used  to  represent  subareas  of  vegetation  other  than  the  dominant  within 
the  total  area. 

In  developing  this  classification  scheme,  an  attempt  was  made  to 
include  consideration  of  the  types  of  vegetation  which  might  be  found  in 
various  parts  of  the  world.  In  addition,  an  attempt  was  also  made  to 
gather  realistic  data  concerning  the  density  and  size  of  the  vegetation 
features  within  each  class.  To  this  end,  various  references  (indicated  in 
Volume  II)  were  studied.  The  data  in  these  references  were  augmented  by 
a field  trip  to  Hunter  Liggett  Military  Reservation  where  aerial  photo- 
graphs of  the  area  were  obtained  and  a ground  survey  was  conducted. 
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Figure  2.12,  Class  5 Vegetation:  Light  Forest  with  Brush 
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Figure  2.13,  Class  3 Vegetation:  Moderate  Brush 
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Figure  2.11  presents  one  of  these  aerial  photographs  while  Figure  2.12 
provides  a closeup  view  of  the  vegetation  In  the  square  of  Figure  2.11. 

Figure  2.13  Is  a view  of  the  vegetation  In  the  area  of  the  circle  of 
Figure  2.11.  The  vegetation  shown  In  the  photograph  of  c1gure  2.12  was 
subsequently  defined  as  class  5,  light  forest  with  brush.  Results  of  the 
ground  survey  Indicated  that  there  were  approximately  63  features  of  brush 
per  50-  by  50-meter  square,  each  feature  being  approximately  2 meters 
wide  and  3 meters  high.  In  addition,  the  42  trees  In  this  area  were 
judged  to  be  an  average  of  10  meters  high  with  3-meter  wide  crowns.  The 
vegetation  shown  In  Figure  2.13  was  found  to  be  considerably  different  as 
might  be  expected  from  an  Inspection  of  Figure  2.11.  This  area  was  defined 
as  class  3,  moderate  grass  or  brush,  and  was  found  to  consist  of  500 
features  of  brush  per  50-meter  square.  Each  feature  was  judged  to  be  a 
sphere  with  a diameter  of  approximately  1.5  meters. 

As  an  example  of  the  Impact  of  the  polygon  (triangles,  rectangles,  and 
circles)  overlay  method  of  vegetation  representation.  Figure  2.14  shows 
the  accuracy  of  realism  that  can  be  obtained  through  this  method.  As 
can  be  observed,  considerable  accuracy  can  be  obtained. 

Obstacles  and  Cultural  Features 

For  the  purposes  of  modeling,  cultural  features  and  obstacles  are 
treated  in  the  same  manner  as  vegetation  In  that  a polygon  configuration 
resembling  the  feature  or  obstacle  Is  overlaid  on  the  area  and  is  assigned 
a number  which  Indicates  the  type  of  area  obstacle.  Cultural  features 
such  as  roads,  on  the  other  hand,  are  input  by  means  of  straight  line 
segments.  Figure  2.15  sutmarizes  obstacles  and  cultural  features  con- 
sidered in  this  submodel  and  presents  an  example  which  illustrates  the 
input  procedure  described  above. 

Surface  Materials 

The  surface  materials  or  soil  classifications  considered  in  tnis  sub- 
model are  summarized  in  Figure  2.15.  In  preparing  the  Inputs  to  the  sub- 
model, a dominant  soil  classification  is  assigned  to  the  area  of  operations. 
Thus,  if  the  area  is  considered  to  consist  mainly  of  sand,  then  the  number 
2 would  be  associated  with  the  area.  Exceptions  to  this  ire  input  by  a 
means  of  subareas  in  the  form  of  circles,  rectangles,  and  triangles 
illustrated  in  Figure  2.15.  Thus,  for  example  the  shown,  the  cross- 
hatched  area  would  consist  of  high  plasticity  silt  (class  ..)  while  the 
reaminder  of  the  area  would  have  the  dominant  soil  class  (class  2). 

Best  Available  Copy 
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Figure  2.14.  Effect  of  Polygon  Overlay  on  Vegetation  Representation 
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Micro-Relief 

In  addition  to  the  factors  considered  in  the  foregoing  discussion, 
certain  terrain  irregularities  must  now  be  considered.  Figure  2.16 
photographically  illustrates  some  of  these  irregularities  that  exist  at  the 
Hunter  Liggett  Military  Reservation.  These  irregularities  are  called  micro- 
relief  for  this  model.  Here,  positive  undulations,  negative  undulations, 
and  boulders  are  considered.  Each  class  of  micro-relief  consists  of  a 
combination  of  these  features  of  varying  densities  and  sizes.  These 
features  are  assumed  to  be  distributed  randomly  within  an  area;  they  are 
input  by  means  of  circles,  rectangles  and  triangles  as  Illustrated  in 
Figure  2.15.  Thus,  the  cross-hatched  region,  as  shown  in  Figure  2.15, 
would  consist  of  that  class  of  micro-relief  desired  by  the  user  while  the 
remainder  of  the  area  of  operations  would  consist  of  a dominant  micro-relief 
class. 

Summary 

To  illustrate  how  these  factors  of  terrain  are  combined  in  the  model. 
Figure  2.17,  which  presents  a top  view  of  six  grid  squares,  was  developed. 

A profile  view  of  this  situation  is  shown  in  Figure  2.18.  A study  of 
Figure  2.17  and  2.18  indicates  that  line  of  sight  could  be  obstructed  for 
a variety  of  reasons.  For  example,  line  of  sight  could  be  obstructed  by 
relief,  an  obstacle,  features  of  brush,  crowns  of  trees,  or  trunks  of 
trees.  The  relief  and  obstacle  line-of-sight  decision  is  essentially  a 
deterministic  one  which  is  based  upon  the  geometry  of  the  situation  while 
the  line-of-sight  verdict  due  to  vegetation  and  micro-relief  is  a proba- 
bilistic one.  Furthermore,  this  probabilistic  verdict  depends  upon  the 
relative  location  of  the  vegetation  features  and  the  micro-relief  features 
with  respect  to  the  observer  and  the  target.  For  example,  features  close 
to  the  observer  tend  to  have  a greater  impact  on  concealment  probability 
than  do  those  further  away.  See  Sections  2.5,  2.10,  and  2.11  in  Volume  II 
for  concealment  analysis  and  description  of  equations. 

This  total  line-of-sight  decision  calculation  is  made  by  Subroutine 
TERCON  which  in  turn  calls  eight  other  terrain  subroutines  as  illustrated 
in  Figure  2.19.  Here,  Subroutines  MICSOL  and  MITFEA  essentially  determine 
if  a target  is  on  a micro-relief  feature  or  on  an  obstacle  such  as  a swamp. 
Both  of  these  factors  are  used  to  adjust  the  height  of  the  target 
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Figure  2.16,  Hicro-Rellef  Features 
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Figure  2.19,  Terrain  Concealment  Subroutine  (TERCON) 
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appropriately.  Next,  Subroutine  LOSVEG  Is  called  and  determines  If  there 
Is  a relief  Intercept  between  the  two  points  of  Interest.  If  so,  a no- 
llne-of-slght  verdict  Is  returned  by  the  subroutine.  If  there  Is  not  a 
relief  obstruction.  Subroutines  LINOBS  and  ELEV  are  next  called.  These 
subroutines  essentially  determine  If  there  Is  an  obstacle  between  the  two 
points  of  Interest  and  determine  the  elevation  of  the  obstacle.  Based 
upon  these  calculations,  a check  Is  made  for  an  obstacle  obstruction  and 
a 11ne-of-s1ght/no-11ne-of-s1ght  verdict  Is  again  made  as  shown  In 
Figure  2.19.  If  line  of  sight  exists,  then  Subroutine  VE6C0N  Is  called 
to  check  the  vegetation  concealment.  As  part  of  this  calculation  It  could 
turn  out  that  a target  Is  partially  concealed  because  of  vegetation.  If 
so,  the  area  of  the  target  visible  Is  calculated.  The  final  two  sub- 
routines, called  MITLOS  and  MITCON,  determine  If  there  Is  a micro-relief 
obstruction  between  the  two  points  of  Interest. 

In  summary.  Subroutine  TERCON  determines  If  there  Is  line  of  sight 
between  any  two  points  In  the  area  of  operations.  The  llne-of-slght 
verdict  1$  based  upon  an  examination  of  relief,  obstacles  and  cultural 
features,  vegetation,  and  micro-relief  which  exists  between  the  two  points 
under  consideration. 

2.4.2  SIAF  Weather  Hodel 

Figure  2.20  shows  Weather  Subroutine  variables  for  weather  classi- 
fication, light  level,  temperature,  and  wind  velocity.  In  the  model,  these 
variables  are  functions  of  time.  When  a subroutine  needs  a particular  weather 
variable,  the  model  simply  examines  the  weather  variables  at  the  time  In 
question  and  selects  the  appropriate  values.  The  11  classes  of  weather 
vrfilch  vary  from  clear  to  heavy  fog  are  Input  by  the  user  as  a function  of 
time.  Figure  2.21  Is  an  example  of  the  procedure  to  Input  variables  for 
the  Weather  Subroutine. 

The  light  level  data  of  Figure  2.20  (foot  lamberts  versus  time)  were 
obtained  from  Reference  1 and,  as  shown,  varies  rapidly  near  sunrise  (SR) 
and  sunset  (SS).  (Only  sunrise  Is  Illustrated  In  the  Figure  since  sunset 
is  essentially  the  reverse  of  this.)  The  model  also  considers  the  Inter- 
action of  these  basic  light  level  data  with  the  weather  In  that  the  light 
level  Is  degraded  appropriately  depending  upon  the  weather  conditions 
which  exist  at  the  time  the  light  level  Is  sampled. 
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Th«  temperature  curve  was  derived  empirically  from  data  collected  at 
Los  Angeles  Civic  Center  and  Hunter  Liggett  Military  Reservation.  Exami- 
nation of  these  data  revealed  that  the  temperature  begins  to  Increase 
approximately  one  hour  after  sunrise  (SR)  and  reaches  Its  maximum  value 
about  seven  hours  after  sunrise.  Then  It  stays  relatively  constant  with 
time,  starts  decreasing  approximately  five  hours  before  sunset  (SS).  and 
reaches  Its  minimum  value  at  three  hours  after  sunset.  Based  upon  these 
observations,  the  temperature  model  shown  In  Figure  2.20  was  constructed. 
The  maximum  and  minimum  temperatures  and  the  time  scale  for  any  locality 
for  each  day  of  the  operation  would  be  Input  by  the  user;  then  the  model 
will  generate  a curve  as  shown  In  the  Figure.  Relative  humidity  (not  shown 
Is  treated  In  a similar  manner,  but  It  decreases  as  temperature  Increases. 

Finally,  the  maximum,  average,  and  minimum  wind  velocity  Is  Input  by 
the  user,  and  a random  number  Is  drawn  to  determine  the  appropriate  veloclt; 
Mind  direction  Is  Input  as  constant.  This  sample  procedure  essentially 
accounts  for  gusts.  If  a constant  wind  scenario  Is  desired,  the  user  can 
simulate  this  by  equating  the  minimum,  average,  and  maximum  velocities. 

2.4.3  Enemy  Situation 

Three  options  are  provided  In  the  model  for  treating  the  enemy.  These 
are  Illustrated  In  Figure  2.22.  As  shown  In  the  Figure,  the  user  can  have 
fixed  enemy  positions,  can  simulate  an  enemy  movement  In  a random  manner 
within  a circular  area  of  operations,  or  can  simulate  the  enemy  moving  on 
a pre-planned  path.  For  the  random  movement  nlthln  a circle  on  the  fixed 
targets,  the  user  can  either  pre-select  the  Initial  positions  of  these 
targets  or  can  have  the  computer  select  these  positions  at  random.  Targets 
such  as  trucks,  personnel,  and  enemy  caches  are  simulated  by  Inputting 
appropriate  target  characteristics.  Analyses  and  discussion  of  target 
movement  are  contained  In  Sections  4.1  and  4.3  of  Volume  II. 

Subroutines  pertaining  to  the  SIAF  functions  are  described  next.  Thesi 
subroutines  are  exercised  for  each  segment  as  discussed  In  Section  2.3. 

2.4.4  Movement 

This  subroutine  calculates  the  movement  rate  of  the  patrol  to  be 
consistent  with  maintaining  good  surveillance  and  detection  capability. 
Figure  2.23  presents  a simplified  flow  diagram  of  how  this  movement  rate. 
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called  desired  movement  rate.  Is  calculated.  Upon  entering  this  sub- 
routine, a distance  segment  (see  Figure  2.5),  based  upon  the  minimum  of 
the  distance  to  a checkpoint,  terrain  polygon  crossing,  or  grid  crossing, 
has  already  been  calculated  by  a segment  generator  subroutine  (see 
Volume  III).  The  first  check  made  In  this  subroutine  Is  one  to  determine 
If  the  segment  Intersects  a linear  obstacle.  For  this  purpose.  Subroutine 
LINOBS  is  called  and  an  appropriate  flag  Is  set  If  required.  After  this 
calculation.  Subroutines  Time,  Weather,  and  Slope  are  called  as  shown  in 
Figure  2.23,  and  a basic  patrol  movement  rate  Is  determined  by  means  of 
a table  look-up  procedure.  This  movement  rate  Is  then  modified  to  account 
for  the  current  human  performance  level  of  the  patrol,  and  the  current 
soil  and  vegetation  the  patrol  Is  moving  through  (these  Interactions 
among  subroutines  are  illustrated  by  means  of  circles  In  Figure  2.23). 

The  output  of  this  subroutine  is  called  the  desired  movement  rate  and  is 
defined  as  that  movement  rate  consistent  with  good  surveillance  and 
detection  capability. 

Although  a desired  patrol  movement  rate  has  been  determined  in  the 
previous  subroutine.  It  could  turn  out  that  time  contingencies  require 
that  the  patrol  move  faster  than  this  rate.  In  order  to  determine  an 
actual  patrol  movement  rate,  a movement  command  and  control  subroutine, 
illustrated  In  Figure  2.24,  Is  used.  As  shown  In  the  Figure,  the  checkpoints 
from  the  present  patrol  position  to  the  end  of  the  patrol  route  are  first 
checked  to  determine  If  there  is  an  arrival  time  constraint  associated 
with  any  of  them.  If  not,  the  actual  movement  rate  Is  set  equal  to  the 
desired  movement  rate.  If  a checkpoint  has  an  associated  arrival  time, 
then  the  required  movement  rate,  based  upon  the  distance  from  the  patrol 
to  the  checkpoint,  and  the  remaining  time  Is  calculated.  These  calcu- 
lations essentially  simulate  the  conmander's  estimate  of  his  required 
movement  rate  which  he  would  obtain  in  a similar  manner. 

Since  It  is  possible  that  this  required  movement  rate  could  exceed 
certain  human  and  physical,  environmentally  constrained  limits,  both 
critical  and  marginal  movement  rate  limits  are  next  calculated.  This 
marginal  movement  rate  limit  is  defined  as  the  minimum  of  the  desired 
movement  rate  and  a 10  percent  margin  associated  with  a movement  rate 
consistent  with  zero  body  heat  storage.  The  critical  movement  rate  is 
defined  as  the  minimum  of  three  times  the  desired  movement  rate  (which  is 
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estimated  to  be  the  nominal  movement  rate  due  to  the  terrain  and  weather) 
and  that  movement  rate  at  which  the  body  just  maintains  thermal  equi- 
librium. As  shown  In  Figure  2.24,  these  factors  are  functions  of  the 
current  status  of  the  patrol  which  Is  available  In  the  coaiaunl cation 
block  of  the  program.  If  the  required  movement  rate  Is  less  than  these 
limits,  then  the  actual  movement  rate  Is  set  equal  to  the  desired  movement 
rate.  If  the  required  rate  exceeds  these  limits,  then  the  patrol  leader 
must  trade  off  his  surveillance  capability  and  time.  For  this  purpose, 
weighting  factors  for  each  of  these  performance  variables  are  provided 
as  Input,  thus  allowing  the  user  the  capability  to  consider  alternative 
movement  rate  tactics.  Based  upon  these  Input  weighting  factors,  an  actual 
patrol  movement  rate  Is  selected  and  the  visual  performance  degradation 
factor  associated  with  this  movement  rate  (used  by  the  Visual  Detection 
Subroutine)  Is  calculated. 

2.4.5  Navigation 

The  purpose  of  this  subroutine  Is  to  determine  the  CEP  of  the  patrol 
location.  During  the  conduct  of  a mission,  the  patrol  normally  determines 
its  location  at  the  various  checkpoints  and  reports  Its  position  to  the 
base.  However,  If  a target  Is  detected  or  another  contingency  develops, 
the  patrol  may  need  to  know  Its  location  at  positions  In  between  checkpoints. 
T>is  location  error  Is  a function  of  the  distance  the  patrol  has  traveled 
since  it  last  updated  Its  position.  Figure  2.25  summarizes  the  calculations 
made  in  this  subroutine  which  starts  by  computing  the  range  and  azimuth 
errors  associated  with  navigation  from  the  last  checkpoint.  These  dead- 
reckoning errors  are  then  combined  with  map,  base,  and  recording  errors, 
and  a basic  patrol  CEP  Is  calculated.  Next,  the  user  has  the  option  of 
adjusting  this  calculated  CEP  in  accordance  with  the  specifications  provided 
in  Reference  2.  Independent  of  these  specifications,  the  patrol  could 
improve  its  Initial  estimate  of  its  location  by  map  terrain  association 
if  the  light  level  Is  favorable.  This  essentially  adjusts  the  location 
estimate  to  account  for  readily  Identifiable  terrain  features  which  the 
patrol  leader  could  use  to  more  accurately  determine  his  position.  Finally, 
the  user  has  the  option  of  specifying  certain  patrol  location  equipment 
which  aids  the  patrol  in  determining  its  position.  If  this  equipment  Is 
specified,  then  the  patrol  location  Is  adjusted, based  upon  the  amount  of 
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Figure  2.25,  Navigation  Subroutine  (NAV) 
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Cine  this  equipment  1$  used.  These  steps  serve  to  determine  • CEP  of  the 
patrol  location.  As  shown  In  Figure  2.2S,  If  a target  is  detected,  this 
subroutine  also  calculates  the  CEP  of  the  location  of  the  target  with 
respect  to  the  patrol.  This  calculation  Is  based  upon  considerations 
similar  to  those  previously  described. 

2.4.6  Survel 1 1 ance/Oetectl on 

Aural  Detection 

The  purpose  of  this  subroutine  Is  to  determine  an  aural  detection 
verdict  for  SIAF  against  the  targets  In  the  area  of  operations  and  for 
the  targets  against  SIAF.  The  aural  detection  capability  of  an  Individual 
depends  upon  the  local  background  sound  level  and  the  sound  level  being 
made  by  the  Individual.  The  first  calculation  made  In  this  subroutine, 
shown  In  Figure  2.26,  Is  to  determine  the  local  aural  background  level  for 
SIAF  and  for  the  targets.  This  background  level  Is  a function  of  the 
vegetation,  time  of  day,  and  weather.  Next,  the  source  noise  level  for 
SIAF  and  the  targets  Is  computed.  This  source  noise  level  depends  upon 
the  number  of  men  in  the  unit,  their  disposition,  and  their  present 
activity.  If,  for  example,  the  patrol  Is  moving  through  heavy  vegetation, 
then  Its  source  noise  level  Is  considerably  higher  than  It  would  be  If 
the  patrol  were  conducting  a stationary  reconnaissance.  Sased  upon  these 
two  calculations,  the  sound  level  arriving  at  the  listener  1$  computed 
(considering  range  and  vegetation  attenuation)  and  Is  compared  with  the 
hearing  threshold  and  the  local  background  noise.  If  the  threshold  Is 
exceeded,  then  the  appropriate  detection  opportunity  Is  stored  In  a vector 
for  subsequent  analysis  by  the  Detect  and  Decision  Subroutines. 

Visual  Detection 

The  Visual  Detection  Subroutine  Is  Illustrated  In  Figure  2.27.  The 
purpose  of  this  subroutine  Is  to  calculate  probability  of  making  a single 
glimpse,  visual  detection  of  targets  that  are  feasible  of  being  detected 
by  SIAF,  and  for  targets  to  detect  SIAF.  In  this  calculation,  line  of 
sight  between  SIAF  and  the  targets  Is  assumed.  Hence,  the  calculation 
mainly  considers  light  level  for  the  detection  computation.  As  shown  In 
Figure  2.27,  the  first  calculation  Is  to  determine  the  target  reflectance, 
background  reflectance,  the  light  level  at  the  target,  and  the  light  level 


16905-6008-R0-00 
P«9«  2-41 


Figure  2.26,  Aural  Detection  Subroutine  (AURAL) 
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Figure  2.27,  Visual  Detection  Subroutine  (VISUAL) 
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of  the  background.  Depending  upon  the  location  of  SIAF  and  the  particular 
target  under  consideration,  there  Is  a possibility  that  the  target  may  be 
skylighted.  The  next  calculation  Is  then  made  using  the  Terrain  Concealment 
Subroutine  to  determine  background  conditions.  Including  skylighting.  Based 
upon  this  Information,  the  Intrinsic  contrast  of  the  target  Is  computed. 

This  Intrinsic  contrast  is  essentially  the  ratio  of  the  brightness  of  the 
target  to  the  brightness  of  the  background.  Depending  upon  the  range 
between  SIAF  and  the  target  and  the  weather  conditions,  the  contrast  of  the 
target  as  observed  by  the  eye  differs  from  the  Intrinsic  contrast.  This 
Is  called  apparent  contrast  and  is  next  calculated  considering  the  factors 
mentioned  above.  The  third  contrast  calculated  In  this  subroutine  Is 
threshold  contrast  of  the  eye.  As  indicated  In  Figure  2.27,  this  threshold 
contrast  is  a function  of  the  light  level,  target  size,  and  the  range  to 
the  target.  The  ratio  of  apparent  contrast  to  threshold  contrast  is  then 
used  to  determine  a single  glimpse  detection  probability.  This  probability 
is  then  stored  In  an  appropriate  vector  as  further  Indicated  in  Figure  2.27. 

Detect 

The  described  calculations  serve  to  determine  detection  opportunities 
and  are  independent  of  line  of  sight.  Subroutine  Detect,  illustrated  in 
Figure  2.28,  combines  these  calculations  with  the  relief  and  vegetation 
and  considers  the  physical  location  of  SIAF  and  the  target.  As  mentioned 
previously  In  Section  2.3,  this  detection  calculation  is  made  once  for  each 
mini-segment  and  can  consider  man-to-man  detection  if  desired  by  the  user. 
The  first  calculation  made  is  to  determine  which  patrol  members  are  looking 
in  the  correct  sector  to  potentially  see  the  target.  If,  for  example,  no 
patrol  members  are  viewing  any  targets,  then  detection  is  not  feasible.  For 
all  feasible  targets.  Subroutines  TERCON,  AURAL,  and  VISUAL  are  next  called. 
These  subroutines  essentially  examine  line  of  sight  between  SIAF  and  the 
target,  sound  levels  made  by  SIAF  and  the  target,  and  light  level  to 
determine  whether  detection  or  several  detections  can  possibly  occur  in 
the  mini-segment.  Based  upon  this  information  and  the  time  available, 
detection  verdicts  are  calculated  in  a Monte  Carlo  fashion  for  SIAF  and 
all  detectable  targets.  The  order  and  interval  between  detections  is 
created  to  identify  who  sees  who  first  and  later  is  used  in  the  decision 
model  to  determine  simultaneous  detection/counterdetection  situations. 
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Figure  2.28,  Detection  Subroutine  (DETECT)' 
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2.4.7  Fire  Support 

If  a patrol  detects  a target.  It  may  elect  to  direct  fire  on  the 
target,  without  engaging  in  a fireflght  depending  upon  the  mission  and 
the  situation  at  the  time  of  detection.  For  this  purpose,  an  external 
fire  support  subroutine  (EPS)  is  called  by  the  Executive  Routine.  As 
shown  in  Figure  2.29,  the  user  can  sennet  air,  artillery,  or  manual 
gunfire  for  analysis.  If  air  is  selected,  then  the  assumption  is  made 
that  the  target  movement  provides  negligible  error  in  ordnance  delivery  CEP. 
Because  of  the  response  time  of  artillery  and  naval  guns,  a moving  target 
could  introduce  decreased  accuracy  in  delivery  CEP;  hence,  the  user  can 
examine  this  situation  if  desired.  As  shown  in  Figure  2.29,  factors  such 
as  surprise  and  adjusted  fire,  target  reaction  to  the  first  round  hit, 
and  the  interactions  of  the  effectiveness  of  the  fire  support  mission  with 
the  patrol  and  target  location  errors  are  considered.  If  preliminary  fire 
support  is  to  be  used  prior  to  attacking  a target,  a detailed  simulation 
of  external  fire  support  effectiveness  is  used.  This  is  discussed  in  the 
Combat  Submodel  description. 

2.4.8  Supply  Maintenance 

The  Supply  Maintenance  Subroutine  illustrated  in  Figure  2.30  is 
essentially  a booking  subroutine  which  Increments  and/or  decrements  the 
supply  status  of  the  patrol  during  each  segment.  As  shown  in  the  Figure, 
food,  water,  amnunition,  and  pack  weight  are  incremented  if  the  patrol  was 
resupplied  during  the  last  segment  and  decremented  for  combat  operation 
and  for  normal  food  and  water  consumption.  The  normal  food  and  water 
consumption  requirements  are  calculated  in  the  Human  Maintenance  Subroutine 
which  follows. 

2.4.9  Human  Maintenance 

This  subroutine  computes  food  and  water  requirements  for  the  patrol 
and  calculates  the  current  human  performance  degradation  of  the  patrol. 

As  illustrated  in  Figure  2.31,  the  current  energy  expenditure  rate  of  the 
patrol  members  is  first  determined.  This  is  based  on  the  current  patrol 
activity  which  includes  rest,  sleep,  stationary  reconnaissance  activities , 
or  movement.  During  movement,  the  energy  expenditure  rate  is  a function  of 
the  slope,  pack  weight,  and  movement  rate,  for  which  values  are  available 
to  this  subroutine  via  the  communication  block  of  the  program.  Once  the 
energy  expenditure  rate  is  determined,  the  value  of  the  segment  time  is  used 
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Figure  2.29,  External  Fire  Support  Subroutine  (EFS) 
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Fiaure  2.30.  Suoolv  Maintenance  Subroutine  (LOGIS) 
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figure  2.31,  Hunan  Maintenance  Subroutine  (HUNAN) 
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to  compute  energy  expenditure  and  an  associated  fatigue  Index  as  shown  In 
Figure  2.31.  This  energy  expenditure  Is  then  used  to  compute  the  body  heat 
lost  through  radiation, convection  and  evaporation.  From  this,  food  and 
water  requirements  and  body  heat  storage  are  calculated.  These  factors  are 
then  combined  and  a human  performance  degradation  factor  Is  computed. 

This  human  performance  degradation  factor  Is  the  amount  In  percent  by 
which  the  performance  of  patrol  functions  such  as  visual  detection  are 
degraded  due  to  fatigue,  body  heat  storage,  and  water  deprivation.  In 
addition,  visual  detection  performance  Is  Influenced  by  a factor 
called  vigllence  which  accounts  for  the  decrease  In  the  alertness  of 
patrol  members  as  a function  of  the  time  they  have  been  conducting  stationary 
reconnaissance  operations.  If  the  patrol  Is  stationary,  this  calculation 
Is  also  made  as  shown  In  Figure  2.31. 

2.4.10  External  Communications 

The  External  Communications  Subroutine  shown  in  Figure  2.32  calculates 
an  external  communication  verdict  for  the  patrol  on  each  communication 
attempt.  First,  the  total  ampere  hours  currently  available  to  the  patrol 
are  computed  to  determine  if  the  battery  life  is  expended.  If  so,  a no- 
communication  verdict  is  returned  by  the  subroutine.  If  power  Is  available, 
then  a power  budget  analysis  is  conducted; and  vegetation,  defraction,  and 
space  losses  are  computed.  These  calculations  depend  upon  the  current 
distance  from  the  patrol  to  the  base  and  the  terrain  between  SIAF  and  the 
base.  The  results  of  this  power  budget  are  used  to  compute  the  signal -to - 
noise  ratio  at  the  receiver.  This  si gnal-to 'noise  ratio  Is  then  used  to 
compute  message  intelligibility.  As  shown  in  Figure  2.32,  the  model 
simulates  the  actions  of  the  patrol  repeating  the  message  until  the  intelli- 
gibility criteria  (a  user  input)  is  satisfied.  If  the  intelligibility 
criteria  is  not  satisfied  with  N trials  (N  is  a user  input),  then  a no- 
communications verdict  is  returned  by  the  subroutine.  If  the  criteria  Is 
satisfied,  then  the  communi cation  is  said  to  be  successful. 

2.4.11  Command  and  Control 

The  current  SIAF  command  and  control  model  consists  of  a movement 
command  and  control  subroutine  (described  In  Section  9.1)  and  a post 
detection  decision  subroutine  (Section  9.2). 
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Figure  2.32,  External  Communications  Subroutine  (EXCON) 
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With  respect  to  patrol  movement,  the  required  movement  rate  which  a 
patrol  must  sustain  In  order  to  arrive  at  a next  checkpoint  on  time  Is 
compared  with  a desired  movement  rate  that  is  consistent  with  being  able 
to  maintain  good  surveillance.  If  the  required  rate  exceeds  the  desired 
rate,  trade-offs  are  made  between  time  and  detection  performance  to  select 
the  most  satisfactory  movement  rate  for  the  patrol.  The  trade-off  results 
can  be  controlled  by  adjusting  input  weighting  factors. 

In  the  post  detection  subroutine  of  Section  9.2,  alternatives  are 
provided  which  cause  the  patrol  to  move  along  a dynamic  route  toward  the 
target  to  identify  it  or  to  move  around  the  target  to  avoid  it.  Logic  is 
also  provided  for  calling  external  fire  support  on  targets.  Input  variables 
are  provided  which  allow  the  user  the  capability  of  exercising  these  model 
options  (see  Section  9.0  for  details). 

2.5  SIAF  COMBAT  SUBROUTINES 

Thus  far  an  overview  of  the  reconnaissance  model  has  been  presented  in 
previous  sections.  Once  the  SIAF  patrol  detects  a target,  however,  it  may 
decide  to  combat  the  target,  and  once  the  combat  is  completed  the  patrol 
may  decide  to  continue  the  reconnaissance  mission.  The  SIAF  model  considers 
these  possibilities.  In  the  following  section  an  overview  of  the  combat 
decision  and  execution  subroutines  are  presented.  (Details  of  these  routines 
are  described  in  Volumes  V and  VI.)  Included  is  a description  of  the 
decision  logic  and  decision  optimization  routines,  and  a discussion  of 
the  combat  executive  routine.  Finally  an  overview  of  the  withdrawal  and 
the  continue  mission  routine  which  allows  the  patrol  to  continue  on  its 
reconnaissance  mission  once  the  combat  operating  is  completed,  is  presented. 

2.5.1  Combat  Decision  Logic  and  Optimization  Logic 

In  the  SIAF  reconnaissance  model  many  detection  and  identification 
possibilities  exist.  For  example,  the  SIAF  patrol  could  possibly  identify 
two  targets  simultaneously  or  several  targets  could  identify  and  detect 
SIAF  at  the  same  time.  Because  of  the  complications  involved  in  developing 
logic  to  model  these  situations,  combat  operations  where  more  than  one  target 
is  involved  are  not  considered  in  the  model.  Instead  if  it  turns  out  that 
several  targets  detect  SIAF  or  SIAF  has  detected  and  identified  several 
targets  then  a no  combat  decision  is  made  and  the  SIAF  patrol  avoids  the 
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targets.  Considering  the  fact  that  SIAF  normally  operates  as  an  Independ- 
ent force  this  is  probably  a reasonable  simulation  of  what  they  would  in 
fact  do.  That  is,  should  they  detect  and  Identify  more  than  one  target 
they  would  probably  avoid  the  target  area. 

Now  consider  the  case  in  the  simulation  model  where  SIAF  detects  and 
identifies  a single  target.  In  this  case  if  its  mission  is  combat,  the 
patrol  must  decide  what  kind  of  combat  action  to  initiate.  Here  decision 
logic  is  necessary  since  it  is  Impossible  to  determine  exactly  where  the 
patrol  will  be  and  exactly  what  and  where  the  target  Is  when  the  detection 
occurs  during  the  simulation.  Hence  this  logic  dynamically  examines  the 
current  tactical  situation  and  selects  a course  of  action.  The  movement 
to  contact  and  deployment  decision  logic  shown  in  Figure  2.33  indicates 
that  five  courses  of  action  are  possible.  The  first  course  of  action  is 
that  the  patrol  could  call  in  external  fire  support  on  the  target.  The 
second  alternative  is  that  the  patrol  could  deploy  for  ambush.  This 
alternative,  for  example,  would  probably  be  selected  if  the  target  were 
moving  toward  the  SIAF  patrol.  On  the  other  hand  the  target  may  be 
moving  in  a direction  away  from  the  patrol  or  may  be  out  of  range  of  the 
patrol.  In  this  case  the  SIAF  patrol  rould  decide  to  move  to  a deployment 
position  and  call  for  external  fire  support  if  available,  befoi'*  initiating 
the  fire  fight.  Another  alternative,  even  before  a detection  occurs,  is 
to  move  to  an  ambush  area  to  deploy  Claymore  mines.  The  fifth  alternative, 
of  course,  is  a no  combat  decision.  The  decision  logic  subroutines 
examine  the  current  tactical  situation  and  select  one  of  these  alternatives 
based  on  the  following  decision  variables. 

1)  Mission  (ambush,  attack,  or  deploy  Claymore  mines) 

2)  Force  ratio  (i.e.,  the  relative  size  of  the 
target  vs  the  size  of  the  SIAF) 

3)  SIAF-target  range 

4)  Direction  of  travel  of  the  target 

5)  The  terrain  between  the  SIAF  patrol  and  the  target 

as  to  its  effects  on  cover,  concealment,  and  observability. 

The  decision  logic  is  constructed  so  that  the  user  can  adjust  the  input 
data  and  choose  different  criteria  for  selecting  a course  of  action.  Thus 
the  decision  variables  are  examined,  the  tactical  situation  determined  by 
the  model  and  a combat  option  is  dynamically  selected. 


Page  2-54 

Revised  December  1973 

In  the  case  of  external  fire  support  only  the  external  fire  support  (EFS) 
subroutine  Is  then  called,  external  fire  support  simulated,  and  the  patrol 
then  makes  a "continue  the  mission"  decision  and  would  probably.  In  this  case, 
decide  to  return  to  continue  the  reconnaissance  patrol.  In  the  case  where 
deployment  Is  selected,  optimization  logic  optimally  selects  the  exact  de- 
ployment position  of  each  maneuver  unit  In  the  terrain.  The  most  complicated 
situation  evolves  when  the  patrol  decides  to  move  to  a deployment  position. 

In  this  case  the  dynamic  route  selector  routine  (DROUTE)  selects  movement 
points  based  upon  different  movement  criteria  which  again  are  user  input. 

As  shown  In  Figure  2.33  when  the  patrol  Is  Involved  In  this  type  of  a move- 
ment the  target  could  possibly  detect  the  patrol  before  the  fire  fight 
occurs.  In  this  event  the  target  could  react  by  moving,  deploying,  or 
opening  fire.  If,  on  the  other  hand,  the  target  does  not  detect  the  patrol 
in  movement  to  the  deployment  position,  SIAF  Initiates  the  fire  fight.  If 
the  target  should  move  toward  a better  defensive  position,  the  SIAF  may 
reselect  Its  deployment  points  or  exchange  roles  between  maneuver  units  and 
and  the  base  of  fire.  Thus,  the  combat  decision  and  optimization  logic 
provide  a mechanism  for  the  user  to  select  various  combat  alternatives  based 
upon  the  current  tactical  situation. 

2.5.2  Combat  Executive 

In  Section  2.3  the  executive  routine  used  to  drive  a reconnalsance 
model  was  described.  In  this  section  an  overview  of  the  executive  routine 
used  to  drive  the  combat  model  is  presented.  In  this  regard  two  approaches 
for  driving  the  combat  executive  routine  were  examined.  The  following 
section  describes  and  compares  these  two  approaches. 

The  first  alternative  shown  in  Figure  2.34  indicates  that  each  man  in 
this  situation  has  a clock  time,  initial  values  of  which  are  selected  to 
be  different  based  upon  user  Input.  The  model  selects  the  man  with  the 
smallest  clock  time  and  decides  how  much  time  is  to  be  spent  observing  in 
an  intelligence  routine,  and  computes  this  amount  of  time  (t  ^ in  the 
figure).  Then  movement  and  fire  controller  models  decide  if  the  man  will 
move  or  fire.  If  he  is  to  fire,  for  example,  the  fire  controller  model 
decides  at  whom  he  will  fire  and  computes  the  firing  time  (t  ^ 1n  the 
figure).  If  coirmuni cations  are  to  occur  the  time  required  for  comnuni cations 
are  also  computed.  Finally  casualty  assessments  are  made.  After  these 
calculations  are  made  the  clock  time  for  this  particular  individual  examined 
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Figure  2.34,  Alternative  1 to  the  Combat  Executive 
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Is  advanced  by  the  amount  t'j  + t'g  ♦ t'j  and  he  Is  given  a new  clock  time. 
The  model  then  scans  the  list  of  men  and  clock  times,  picks  out  the  minimum, 
and  repeats  the  procedure.  Thus,  In  alternative  one,  each  man  Is  Individ* 
ually  cycled  through  functions  that  he  Is  required  to  perform  during  combat 
and  time  Is  advanced  in  the  fashion  described  above.  This  Is  the  approach 
that  Is  used  In  models  such  as  DYNTACS  and  ASARS. 

An  alternative  to  this  approach  Is  presented  In  Figure  2.35.  Here, 
Instead  of  Individually  selecting  each  man  and  having  a clock  time  associ- 
ated with  each  man,  only  one  clock  time  exists  In  the  model.  The  event  times 
in  this  case  are  movement,  detection,  casualty,  EFS  burst,  and  Internal 
message  reception.  The  executive  routine  computes  the  movement  and  detec- 
tion event  times  for  each  Individual  for  both  the  attacker  and  defender, 
and  the  casualty  times  of  each  Individual  for  both  the  attacker  and 
defender.  It  then  scans  this  list  of  times  together  with  any  scheduled 
arrival  of  EFS  and  any  scheduled  reception  of  a message  between  maneuver 
units.  It  then  selects  the  minimum  time,  and  defines  the  corresponding 
event  as  the  event  which  occurs  In  this  particular  segment  of  the  model. 
Figure  2.35,  for  example,  illustrates  what  would  happen  if  the  event  were 
movement.  In  this  case,  all  moving  individuals  would  be  moved  an  appropri- 
ate amount  of  ammunition,  the  clock  time  and  the  status  of  each  man  would 
be  updated,  and  calculations  would  be  repeated.  Thus,  instead  of  cycling 
through  each  man,  this  particular  method  examines  the  next  event  to  occur 
for  all  men,  advances  the  clock  time  based  upon  the  minimum  of  these  times, 
and  updates  the  attributes  of  each  man  to  what  they  would  be  at  this  time. 

A comparison  of  these  two  approaches  Is  shown  in  Figure  2.36  and  here, 
three  attributes  were  defined:  running  time,  event  accuracy,  and  capability 
to  handle  cumulative  interactions.  The  comparison  indicates  that  alterna- 
tive one  probably  has  a faster  running  time  in  most  cases.  However, 
arguments  that  alternative  two  could  be  faster  are  also  possible  to  evolve. 

As  far  as  event  accuracy  is  concerned,  alternative  one  could  possibly 
neglect  events  which  occur  to  other  Individuals  during  a given  loop 
through  the  logic.  The  reason  for  this  can  be  seen  through  a further 
examination  of  Figure  2.34  which  shovs  that  an  individual  could 
possibly  become  a casualty  during  the  advance  of  his  clock  time.  Thus, 
unless  a time  steo  variable  is  set  to  adjust  the  advance  of 
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Figure  2.35,  Alternative  2 to  the  Combat  Executive  (Sheet  1) 
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Figure  2.36.  Comparison  of  Executive  Alternatives 
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the  clock,  these  types  of  events,  which  would  tend  to  bias  the  results, 
could  occur.  With  alternative  two,  such  events  are  not  neglected  since  the 
tine  of  the  first  event  for  all  Individuals  Is  first  calculated  and  time 
Is  advanced  In  a fashion  previously  described.  With  respect  to  cumulative 
effects,  alternative  one  neglects  the  fact  that  the  suppression  of  an 
Individual  nay  be  greater  because  three  Individuals  nay  be  firing  at  him 
rather  than  just  one.  Alternative  two,  on  the  other  hand,  can  include 
these  types  of  cumulative  effects.  As  far  as  Implementation  goes.  It  Is 
not  clear  that  alternative  one  Is  superior  to  alternative  two.  Different 
logic  Is  required  for  both  alternatives,  and  a comparison  is  very  difficult 
to  make.  Based  upon  the  manner  In  which  the  reconnaissance  model  currently 
runs  and  an  examination  of  these  alternatives,  alternative  two  was  selected 
as  the  technique  to  be  used  for  the  SIAF  combat  model. 

In  sunmary,  two  executive  routines  are  provided  with  the  SIAF  model. 

The  first  Is  the  reconnaissance  executive  which  operates  in  the  manner 
described  in  Section  2.3.  Once  the  detection  and  identification  occurs 
the  decision  logic  determines  whether  a combat  action  will  occur.  If  a 
combat  Is  to  occur  then  the  coirtbat  executive  described  above  simulates 
this  part  of  the  mission.  Once  a combat  mission  Is  concluded  and  a decision 
Is  made  to  return  to  the  reconnaissance  operation,  the  reconnaissance 
executive  routine  described  in  Section  2.3  takes  over  and  continues  driving 
the  model. 

2.5.3  Data  Structure  and  Manipulation 

The  SIAF  combat  model  consists  of  a series  of  subroutines  and  an 
executive  routine.  The  executive  routine  advances  time  in  the  manner 
previously  described  and  calls  Individual  subroutines  to  make  various 
calculations.  Interactions  are  considered  and  modeled  by  the  subroutines 
which  essentially  update  the  attribute  list  of  the  target  and  SIAF  shown 
in  Figure  2.37.  For  example,  ATT (1 ,1 ,1 ) Is  the  fire  team  number  of  the 
first  man  In  the  attacker  patrol.  ATT(3,2,2)  contains  a value  of  the 
r.unter  of  rounds  remaining  for  man  number  2 in  the  defender  unit.  The 
attribute  matrix  Is  a 25  x 20  x 2 matrix,  and  the  attributes  of  each 
individual  are  changed  by  various  subroutines  depending  upon  the  situ- 
ation. For  example,  should  movement  occur  then  the  current  X and  Y 
coordinates,  attributes  7 and  8,  of  each  Individual  involved  in  the 
movement  are  updated  by  the  appropriate  routine.  Should  a patrol  member 
assume  a different  posture,  then  the  height  of  the  patrol  menfcer  Is 
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adjusted,  attribute  No.  11.  Should  his  movement  status  change,  for  example, 
should  he  be  In  a suppression  state  where  movement  Is  not  allowed,  then 
the  movement  status  attribute  Is  changed.  Attribute  changes  by  one  routine 
In  turn  effect  other  routines,  for  example,  should  the  movement  status 
change,  the  firing  status  would  probably  be  different  to  allow  the  advancing 
unit  to  start  moving  again.  Hence,  the  Interactions  between  routines  are 
essentially  communicated  to  each  of  the  routines  through  the  attribute 
matrix.  Naturally  this  Is  an  oversimplification  of  the  exact  details  of 
the  model  and  Is  intended  to  be  an  overview  to  aid  In  understanding  the 
details  presented  In  Volumes  V and  VI. 

2.5.4  Calculation  of  Movement  Event  Times 

As  previously  described  In  Section  2.5.2  five  events  are  defined  In 
the  executive:  movement  times,  detection  times, casualty  times,  communication 

arrival  times,  and  EFS  burst  event  times.  This  section  describes  the  cal- 
culation of  movement  event  times.  Figure  2.36  Illustrates  this  calculation 
and  shows  the  SIAF  team  In  a line  formation  moving  from  one  objective  point 
to  the  next  objective  point  which  in  this  case  is  the  point  generated  by  a 
dynamic  route  subroutine.  The  model  starts  by  computing  the  objective  point 
for  each  Individual  based  upon  its  formation  of  the  unit.  For  a line  for- 
mation the  objective  points  would  be  as  shown  in  the  figure.  If  the  formation 
were  a "V"  or  a wedge  then  subroutine  FORMST  would  compute  the  appropriate 
objective  points  for  each  individual  and  load  these  values  into  the  ATT 
matrix.  Specifically,  these  values  would  be  located  in  ATT  9 and  10,  the 
next  movement  coordinates.  Next,  based  upon  the  present  location  of  each 
individual,  this  subroutine  calculates  segment  lengths  for  each  individual. 

As  shown  in  the  figure,  the  segment  lengths  for  each  individual  could  be 
different  and  the  path  each  individual  takes  could  be  over  different  terrain; 
hence,  the  movement  rate  model  described  previously  in  the  reconnaissance 
section  is  called  and  the  movement  rate  of  each  individual  over  each  seg- 
ment is  calculated.  Next  these  movement  rates  are  modified  by  the  current 
suppression  state  which  is  stored  in  the  ATT  matrix.  Finally,  the  segment 
lengths  are  divided  by  movement  rates  to  compute  the  time  at  which  each 
individual  would  reach  its  next  objective  point.  Then  the  minimum  of  all 
these  times  is  calculated  and  stored  in  a variable  called  STIME. 


Figure  2.38,  Calculation  of  Movement  Event  Tt 
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2.5.5  Calculation  of  Detection  Event  Times 

The  previous  section  described  how  movement  event  times  are  calculated. 
In  this  section  the  calculation  of  detection  event  times  Is  described  and 
Illustrated  In  Figure  2.39.  First  a specific  SIAF  and  target  individual 
are  selected.  Here  detection  times  are  based  upon  individual  detections  on 
individuals,  that  is.  If  there  are  20  members  In  a SIAF  patrol  and  20 
members  in  a target  then  there  are  400  calculations  made.  After  a SIAF 
individual  and  target  individual  are  selected  the  terrain  routines  are 
entered  and  calculations  made  to  determine  if  line-of-sight  exists.  If 
line-of-sight  does  not  exist  a no-detection  verdict  is  entered.  If  line- 
of-sight  does  exist  and  the  target  is  firing  then  the  target  is  declared 
detected  and  time  of  detection  Is  stored  in  the  array  DTIME  as  shown  in 
the  figure.  Here  the  value  of  DTIME  is  the  current  time  plus  the  reaction 
time  which  is  the  time  it  takes  the  individual  to  react  to  the  detection 
and  either  change  his  posture,  firing  option,  movement  rate, cr  change 
another  of  his  attributes  based  upon  this  detection.  As  shown  in  the 
figure,  if  line-of-sight  exists  but  the  target  is  not  firing  then  a visual 
detection  subroutine  is  entered  to  calculate  the  visual  detection  time  TT. 
This  routine  is  similar  to  the  routine  used  in  the  reconnaissance  model 
described  in  Volume  III.  Based  upon  this  calculation  the  matrix  DTIME  is 
again  loaded.  Finally,  the  DTIME  plus  a maximum  time  are  compared  with 
the  current  time  to  allow  for  considering  the  fact  that  an  individual  might 
have  detected  another  individual  5 seconds  ago  and  the  detection  may  still 
be  valid.  As  shown  in  the  figure  the  variable  MDET  is  set  equal  to  TRUE 
or  FALSE  which  Indicates  whether  the  detection  did  or  did  not  occur.  The 
model  proceeds  in  this  fashion  until  all  individuals  in  the  SIAF  patrol 
and  all  individuals  In  the  target  have  been  examined  for  detection. 

2.5.6  Calculation  of  Casualty  Event  Times 

Figure  2.40  describes  this  calculation  which  starts  with  computing 
the  assigned  area  of  responsibility  of  each  individual.  From  this 
information  the  next  calculation  essentially  determines  a figure  of 
merit  and  determines  firing  assignments  which  will  maximize  this  figure 
of  merit.  Thus,  this  calculation  determines  the  optimum  strategy  for  the 


Figure  2.39,  Calculation  of  Detection  Events 
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Figure  2.40,  Calculation  of  Firing  Events 
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* * 

target  and  SIAF  patrol  to  use  In  firing.  Based  upon  this  optimum  strategy, 
firing  allocation  and  lethality  models  are  entered  to  compute  casualty 
times. 

2.5.7  Calculation  of  Internal  Communication  Event  Times 

One  of  the  events  considered  is  the  reception  of  a communication  from 
another  maneuver  unit  within  the  patrol.  This  would  occur  after  deployment 
when  units  are  divided  into  moving  maneuver  units  and  a base  of  fire.  In 
this  case  it  may  be  necessary  to  communicate  decisions  such  as  break 
contact,  change  deployment  points,  or  exchange  roles  between  the  moving 
units  and  the  base  of  fire.  The  latter  two  would  be  in  response  to  a 
reaction  of  the  target  such  as  a change  In  its  route  or  deployment.  Several 
options  are  available  to  provide  communications.  These  are  by  visual 
hand  signals,  aural  commands,  radio,  smoke  grenades  and  by  sending  a 
messenger.  For  each  type  of  message,  the  model  has  a preference  order 
for  attempting  communication.  These  are  dependent  on  the  tactical 
situation.  The  internal  communications  routines,  called  by  IC,  determine 
whether  or  not  the  communication  will  be  successfully  received  and 
interpreted,  and  they  determine  the  delay  time  until  the  message  can  be 
implemented.  The  delay  time  becomes  an  event  time  because  the  result 
affects  further  progress  of  the  combat.  Including  firing,  detection  and 
movement  status. 

2.5.8  Calculation  of  External  Fire  Support  Event  Times 

The  fifth  event  considered  is  an  External  Fire  Support  (EFS)  event. 

This  is  defined  as  the  arrival  of  a burst,  either  a volley  of  artillery 
or  the  weapons  dropped  in  a single  pass  of  a close  air  support  aircraft. 

EFS  is  a scheduled  event  but  its  execution  depends  on  the  tactical  situa- 
tion. It  is  used  preparatory  to  an  attack  mission.  Upon  identification 
of  the  target,  the  aimpoint  is  communicated  and  a schedule  of  arrivals  is 
determined.  If  the  target  has  not  counterdetected  the  SIAF,  then  the 
arrivals  are  scheduled  such  that  they  are  finished  at  the  same  time  that 
the  target  reaches  the  minimum  safe  distance  from  the  target.  If  this 
is  the  case,  but  the  target  subsequently  counterdetects  the  SIAF,  an 
immediate  open  fire  command  is  sent  and  the  schedule  of  arrivals  is  adjusted 
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to  start  after  a delay  due  to  communications  and  time  of  flight.  If  the 
target  has  counterdetected  the  SIAF  at  the  time  of  the  original  request, 
the  delay  time  also  includes  time  to  make  aiming  calculations  and  to  aim 
the  weapons. 

If  external  fire  support  is  the  next  event,  then  Subroutine  EFS1  is 
entered  to  compute  the  casualties  due  to  each  bomb  or  shell.  This  is  done 
by  considering  aim  point  errors  due  to  the  inability  of  the  SIAF  to 
exactly  determine  the  grid  coordinates  of  the  target.  This  includes  both 
navigation  errors  and  target  location  estimation  errors.  Also  considered 
is  the  ballistic  dispersion  error.  Once  the  aimpoint  is  determined 
(stochastically),  the  distance  of  each  individual  is  determined  and 
compared  to  the  lethality  data  for  the  weapon.  The  attribute  table  is 
updated  to  account  for  any  casualties. 

Once  these  times  are  calculated  the  next  event  to  occur  be  it  movement, 
detection,  casualty,  EFS,  or  internal  communication  can  be  computed.  If, 
for  example,  it  Is  a movement  event  then  the  individuals  are  moved  by 
updating  the  ATT  matrix.  If  the  next  event  is  a detection  event  the 
corresponding  logic  is  entered  which  will  modify  the  movement  rates  and 
firing  options  based  upon  these  detections.  If,  on  the  other  hand,  the 
next  event  was  a casualty  event  then  the  appropriate  element  in  the  ATT 
matrix  are  updated  to  indicate  that  the  individual  has  become  a casualty. 
After  these  series  of  calculations  are  made  the  ammunition  update,  weapon 
substitution,  break  contact,  and  withdrawal  routines  are  entered  as 
appropriate.  These  routines  are  described  in  the  next  sections. 

2.5.9  Ammunition  Update 

The  purpose  of  this  subroutine  is  to  update  the  ammunition  of  each 
individual  based  upon  the  current  elapsed  time  and  the  firing  scheme. 

This  routine  is  described  in  Figure  2.41  which  shows  that  the  first  calcu- 
lation is  to  select  an  individual.  Next,  the  question  is  asked,  “is  he 
a casualty?"  If  so,  his  ammunition  is  not  updated  since  he  could  not  have 
been  firing.  Hence,  another  individual  is  selected  and  the  calculations 
proceed.  If  he  is  not  a casualty  and  if  he  is  firing  then  his  weapon 
number  is  obtained  from  the  ATT  matrix  and  the  number  of  bursts  in  the 
current  event  time  are  computed  for  this  particular  weapon  and  particular 


Figure  2.42,  Weapon  Substitution  Subroutine  (WSUBS) 


Table  2-2,  Firing  Options  for  the  Base  of  Fire  and  the  Maneuver  Unit 
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firing  rate  of  the  individual.  It  could  turn  out  that  during  the  event 
time  the  magazine  of  the  weapon  became  empty.  Hence,  the  next  series  of 
calculations  determines  whether  this  occurred.  If  the  magazine  does 
become  empty  reloading  time  is  entered  into  the  calculation  and  modifies 
the  number  of  rounds  that  the  individual  expended  during  the  last  event. 

If  the  magazine  did  not  become  empty,  then  number  of  rounds  are  computed 
based  upon  the  event  time  and  firing  rate  of  the  weapon.  These  calculations 
are  done  for  each  individual  and  the  subroutine  returns  when  all  Individuals 
have  been  examined. 

2.5.10  Weapon  Substitution 

If  an  individual  becomes  a casualty  (major  wound  or  death)  in  a 
particular  event.  It  could  turn  out  that  the  patrol  operations  plan  is  to 
have  another  individual  take  over  his  weapon.  This  normally  occurs  in  a case 
of  team  weapons  like  grenade  launchers,  and  machine  guns.  If  the  machine 
gunner  is  hit  a patrol  member  who  fires  a rifle  or  grenade  launcher  will 
take  over  his  weapon.  An  attempt  to  replace  him  with  a rifleman  is  made 
first.  If  the  man  who  is  hit  fires  a grenade  launcher  an  attempt  Is  made 
to  replace  him  with  a rifleman  only.  Subroutine  WSUBS  provides  the  logic 
implementing  this  strategy.  Figure  2.42  illustrates  the  calculations  made. 
First,  a unit  is  selected  and  here  the  assumption  is  that  intra-unit  weapon 
substitution  Is  not  allowed.  That  is,  weapon  substitution  is  only  allowed 
within  a particular  unit.  After  a unit  is  selected  the  question  is  asked 
if  the  gunner  who  is  a casualty  fires  a machine  gun  or  a grenade  launcher. 

If  not,  another  unit  is  selected  and  this  unit  selection  process  continues 
until  the  number  of  units  In  a patrol  and  target  are  exhausted.  If  the 
patrol  member  under  consideration  is  a casualty  and  is  either  a machine 
gunner  or  fires  a grenade  launcher  and  an  appropriate  replacement  can  be 
found  then  the  ammunition  of  the  replacement  is.  updated,  his  weapon  is 
switched  and  his  next  movement  coordinates  are  changed.  These  calculations 
continue  until  all  units  have  been  examined  for  weapon  substitution. 

(Note:  If  the  user  does  not  desire  to  play  weapon  substitution,  this 

subroutine  can  be  bypassed  by  appropriately  adjusting  the  input  variables. 

This  is  described  further  in  Volume  VI,  Subroutine  WSUBS.) 


Table  2-3,  Logic  for  Breaking  Contact 
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2.5.11  Firing  Options 

This  particular  section  describes  and  presents  an  overview  of  how 
firing  options  are  changed  dynamically  throughout  the  conduct  of  the  simu- 
lation. Table  2-1  shows  the  firing  options  conridered  in  the  model.  For 
example.  Firing  Option  0 is  simply  "don't  f Firing  Option  1 says, 
"fire  if  targets  are  in  your  area  of  responsibility.  If  none,  then  don’t 
fire".  Option  2 says  "fire  if  detected  targets  are  in  area  of  responsi- 
bility. If  none,  then  conduct  area  fire  in  area  of  responsibility." 

Options  3 and  4 are  similar  and  can  be  examined  by  studying  Table  2-1. 

Table  2-2  shows  the  firing  options  of  both  the  base  of  fire  and  maneuver 
unit  and  here  the  numbers  correspond  to  the  options  previously  described 
in  Table  2-1.  For  the  base  of  fire,  the  firing  option  is  a function  of 
their  own  suppression  state  and  the  suppression  state  of  the  maneuver  unit 
since  their  mission  is  to  support  the  advance  of  the  maneuver  unit.  The 
firing  options  of  the  maneuver  unit  on  the  other  hand  is  a function  of 
their  own  suppression  state  only.  As  an  example.  Table  2-2  shows  that  if 
the  maneuver  unit  in  suppression  state  0 through  3 their  firing  option  is 
0,  that  is  "don't  fire".  If  they  are  in  suppression  state  4,  5,  or  6, 
however,  their  firing  option  is  firing  option  2 which  states  fire  at 
detected  targets  in  area  of  responsibility.  Hence,  the  firing  options  can 
be  changed  for  the  base  of  fire  and  the  maneuver  unit  by  user  input  data 
depending  upon  which  particular  strategy  the  user  wishes  to  simulate. 

Figure  2.43  shows  how  this  logic  is  implemented  in  subroutine  FIREOP. 
When  the  subroutine  is  entered  counters  are  initialized  and  the  suppression 
state  for  all  individuals  In  the  base  of  fire  and  maneuver  unit  is 
accumulated.  Next  the  number  of  individuals  in  the  base  of  fire  and 
maneuver  units  are  counted  and  the  average  suppression  state  of  each  of 
these  units  is  computed.  Table  2-2  is  entered  and  the  appropriate 
firing  option  computed  by  means  f table  look-up.  In  this  fashion  the 
firing  options  of  both  the  base  of  fire  and  maneuver  unit  are  dynamically 
adjusted  throughout  the  execution  of  the  combat  mission. 
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Figure  2.45,  Illustration  of  Withdrawal  Model 
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Figure  2.46,  Continue  The  Mission  Subroutine 
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This  firer  also  has  the  option  of  firing  his  normally  assigned 
weapon  or  throwing  a handgrenade.  Dependent  upon  the  figure  of  merit 
calculated  for  both  his  normally  assigned  weapon  and  a handgrenade, 
for  the  situation  that  the  firer  under  consideration  is  in,  a decision  Is 
made  as  to  which  weapon  to  utilize.  The  handgrenade  is  basically  used 
at  short  ranges  under  high  suppression. 

2.5.12  Hines 

A SIAF  patrol  has  the  capability  of  Claymore  mine  ambush. 

Figure  2.46A  depicts  a typical  mine  field  deployment.  The  user  speci- 
fies a Claymore  mine  ambush  intent  by  Inputting  the  required  Inputs, 
and  upon  the  enemy  patrol  reaching  the  most  lethal  point  In  the  field 
(middlemost)  the  mines  are  detonated.  The  cumulative  probability  of  kill 
of  all  mines  in  the  field  upon  each  target  element  is  computed  and  the 
cumulative  probability  is  Monte  Carloed  for  each  target  individually  to 
determine  if  the  target  suffered  a minor  wound  (hit),  major  wound,  or 
death.  Figure  2-46-B  shows  how  this  logic  is  implemented  in  Subroutine 
MINES. 

2.5.13  Break  Contract 

In  each  loop  of  the  simulation,  logic  for  breaking  contact  is  entered 
if  a break  contact  event  Is  to  occur  and  if  so,  a determination  is  made  as 
to  which  side  breaks  contact.  The  break  variables  described  in  Table  2-3 
are  fire  power,  casualty  fraction,  time,  loss  of  key  personnel,  SIAF-target 
range  and  amnunition.  The  critera  for  breaking  contact  are  adjusted  by 
means  of  user  input  for  both  the  SIAF  patrol  and  for  the  target.  For 
example,  if  the  user  wishes  to  implement  a strategy  whereby  the  SIAF 
patrol  breaks  contact  after  their  ammunition  reaches  30-  of  the  initial 
load  they  implement  this  strategy  by  appropriately  adjusting  the  ammunition 
limit  variable  shown  in  the  table.  The  other  criteria  shown  in  the  table 
are  used  in  a similar  manner.  The  break  contact  logic  implements  a break 
contact  decision  if  ary  of  the  criteria  are  satisfied. 

2.5.14  Withdraw 

Figures  2.44  through  2.46  describe  how  we  model  a situation  where 
SIAF  returns  to  its  reconnaissance  mission  after  the  combat  operation  has 
been  completed.  As  seen  from  Figure  2.44,  this  routine  is  entered  once 
the  proper  break  contact  variable  has  been  set.  The  first  question  asked 
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Figure  2.46A  Typical  Minefield  Deployment 
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Figure  2.46B,  Logic  Diagram  (MINES) 
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is,  "did  SIAF  break  contact?".  If  not,  then  no  withdrawal  is  required  for 
the  SIAF  unit  and  the  continue-the-mission  subroutine  described  in  Figure 
2-46  is  entered.  If  SIAF  did  decide  to  break  contact,  then  a withdrawal 
routine  is  entered.  This  withdrawal  routine  calculates  the  major  with- 
drawal objective  points  for  the  patrol.  Next,  the  withdrawal  is  simulated 
until  the  rally  point  is  reached.  Once  the  rally  point  is  reached,  the 
continue-the-mission  decision  subroutine  is  entered  and  if  the  decision  is 
to  continue  the  mission,  then  dynamic  route  variables  are  set  up  to  avoid 
the  tarqet  and  get  the  patrol  back  to  the  planned  route. 

Figure  2.45  illustrates  the  withdrawal  model  which  forces  the  patrol 
to  pass  through  points  where  a casualty  has  occurred  to  the  rally  point. 

As  indicated  in  Figure  2.45  the  dynamic  route  subroutine  is  called  to 
generate  the  exact  route  through  the  casualty  locations  to  the  rally  point. 

2.5.15  Continue  the  Mission 

Once  the  rally  point  is  reached,  the  continue-the-mission  subroutine 
shown  in  Figure  2.46  simulates  the  patrol  leader's  decision  to  extract  or 
go  hack  to  the  planned  route.  This  decision  is  based  upon  the  variables 
shown  which  are  mission  objective,  casualty  criteria,  ammunition  limits, 
food  and  water  limits,  and  patrol  duration  limits.  By  adjusting  these 
limits  which  are  user  input  values,  the  user  can  select  the  criteria  he 
wishes  to  use  in  simulating  the  decision  to  continue  the  mission  or 
extract.  If  a continue-the-mission  decision  is  reached,  dynamic  route 
variables  are  set  and  subroutine  PODS  (see  Volume  III)  is  called  to 
generate  the  route  back  to  the  planned  path.  If  the  decision  is  to 
extract  then  the  model  terminates  and  variables  are  initiated  for  the  next 
repl i cation. 
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2.5.16  Stannary  of  Attacker  and  Defender  Options 

Prior  to  a detection  occurring,  the  SIAF  Reconnaissance  Model  slmu- 
Itates  the  SIAF  mission  as  discussed  in  Section  2.4.  Once  a detection  and 
Identification  is  made  (either  by  SIAF  or  by  the  target),  the  party  making 
the  detection  and  Identification  becomes  the  attacker  and  the  other  party 
becomes  the  defender. 

As  discussed  in  Section  2.5.1,  the  attacker  will  select  one  of  five 
options,  viz,  1)  EES  only,  2)  ambush,  3)  move  with  stealth  to  attack, 

4)  deploy  for  ambush  with  mines,  5)  no  combat.  Meanwhile,  the  defender, 
having  not  yet  detected,  continues  to  move  along  his  preplanned  route. 

If  the  attacker  selects  options  2 or  3,  a deployment  point  Is  computed  and 
the  dynamic  route  routine  generates  the  attacker's  route  between  hi' 
present  position  and  the  deployment  point.  If  the  defender  detect  the 
attacker  before  the  attacker  Initiates  the  flreflght,  then  the  defender 
Initiates  the  flreflght  or  selects  an  alternative  course  of  action  to 
protect  Its  position. 

Once  the  flreflght  commences,  the  defender  remains  stationary  unless 
he  decides  to  break  contact.  If  the  target  decides  to  break  contact,  the 
engagement  is  considered  complete  and  SIAF  decides  whether  to  continue 
Its  mission.  However,  if  SIAF  decides  to  break  contact,  the  withdrawal 
Is  simulated  until  the  rally  point  Is  reached,  at  which  point  SIAF  decides 
whether  to  continue  Its  mission.  In  which  case  the  SIAF  Reconnaissance  Model 
is  again  employed  to  simulate  the  remainder  of  the  mission. 

2.5.17  Suninary  of  Model  Capacities 

This  section  summarizes  the  current  capacities  of  the  model.  A 
summary  of  computer  requirements  Is  given  In  Sections  7.1  and  7.2  of  this 
volume. 

• Maximum  number  of  men  on  each  side  3 20 

• Maximum  number  of  different  weapons  3 20 

• Maximum  number  of  different  grenade  launches  3 10 

• Maxlmun  grid  of  terrain  elevation  points  *1366 

• Maximum  number  of  targets  3 20 

• Maximum  number  of  preplanned  route  points  for  each  target  = 20 

• Maximum  number  of  preplanned  SIAF  route  points  3 100 

• Maximum  number  of  helicopter  landing  points  3 5 

• Maximum  number  of  weather  changes  3 100 

• Maximum  length  of  simulated  patrol  3 10  days 
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3.0  MODEL  INPUT 

The  model  Input  data  consists  of  users  Inputs,  data  base,  and 
elevation  data.  The  elevation  data  is  taken  directly  from  digital  T0P0C0M 
tapes  from  the  Defense  Mapping  Agency.  When  a particular  area  of  operations 
is  desired,  a set  of  subroutines  is  used  to  generate  a file  of  elevation 
data  which  can  be  permanently  stored.  This  file  can  then  be  accessed  at 
the  start  of  each  run  as  long  as  the  area  of  operations  remains  the  same. 

This  file  contains  elevation  data  at  the  maximum  resolution  (or  minimum 
separation).  The  model  then  reads  from  this  file  to  obtain  data  for  the 
required  resolution.  The  maximum  elevation  points  at  any  one  time  is  8196. 

The  remaining  data  inputs  are  read  via  NAMELIST  card  input.  In  general, 
the  namelist  card  input  has  been  organized  into  categories  of  data  base 
(NAML1 ),  user  input  (NAML2) , target  oriented  user  inputs,  (NAML3),  and 
combat  oriented  user  inputs  (NAML4).  Table  3.1  contains  a complete  list 
and  definition  of  all  of  the  required  input  variables.  This  table  is  or- 
ganized by  first  presenting  user  inputs,  (those  variables  specific  to  a 
situation)  and  then  presenting  the  data  base.  (Variables  whose  values 
are  unlikely  to  change  from  run  to  run).  Within  these  categories  the  data 
is  organized  by  categories  according  to  the  use  of  the  variables.  For 
example,  all  of  the  required  inputs  to  describe  the  targets  are  found 
together. 

The  variables  in  the  data  base  are  further  described  by  default  values 
which  are  current  best  estimates.  These  need  only  be  changed  if  better  data 
become  available. 

Table  3.2  contains  a cross  reference  to  Table  3.1.  Here  all  variables 
from  the  namelists  are  presented  in  alphabetical  order  with  the  sheet 
number  of  the  corresponding  location  in  Table  3.1.  It  is  felt  that  this 
method  of  presentation  allows  the  user  to  better  understand  the  meaning 
of  a variable  because  he  is  able  to  see  its  definition  in  the  context  of 
other  variables  with  which  it  is  associated. 
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20  Initial  amnunition  supply 
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Table  3.2,  Alphabetical  Cross  Reference 
for  Namelist  Input  Variables 


Variable 

Table  3.1 
Sheet  No. 

Variable 

Table  3.1 
Sheet  No. 

Variable 

Table 

Sheet 

AA 

38 

CONCAP 

31 

ENRNG 

7 

AEQ 

38 

CPRAT 

31 

EQUIP 

45 

AIMMX 

16 

CRECOG 

42 

F 

51 

AIRC 

51 

Cl 

22 

FDGFAC 

18 

ALIN 

40 

C2 

22 

FHCR 

16 

ALLB 

37 

DBACK 

42 

FHPR 

16 

ALLF 

40 

DELTA 

16 

FW1 

14 

ALLW 

37 

DF 

17 

FMA2 

14 

AMWTAB 

44 

DMOR 

49 

FMCB1 

14 

ANGID 

42 

DHORR 

49 

FMCB2 

14 

ARSMN 

18 

DMT 

33 

FMGPB 

14 

ARSPI 

18 

DOMMT 

2 

FOOD 

45 

AOXMAX 

35 

DO  MV 

2 

FORFTX 

17 

AOYMAX 

35 

DPE 

52 

FORFTY 

17 

ATER 

38 

DPECBU 

52 

FORMS 

31 

ATTAR 

38 

DPEGPB 

52 

FORMT 

10 

ATTEN 

41 

DRICE 

34 

FORMUX 

17 

BE 

38 

OSA 

49 

FORMUY 

17 

BETA 

47 

DSAA 

49 

FORSFX 

17 

BLIFE 

47 

DSTEP 

30 

FORSFY 

18 

BSAREA 

31 

OSUST 

21 

FORSMX 

18 

CADM 

20 

DSW1 1 

34 

FORSMY 

18 

CARFP 

22 

DSW12 

34 

FOTB 

21 

CBOYWT 

50 

DTDAMB 

20 

FOTM 

21 

CC1 

20 

OTDATT 

20 

FRAMB 

20 

CC2 

20 

DTEFS 

16 

FRATT 

20 

CC3 

20 

DTENGM 

20 

FRCMVD 

9 

CLASS 

20 

OTPURM 

20 

FRCMVN 

9 

COLMIN 

18 

OWDR 

22 

FREQ 

47 

COMRES 

2 

DYWT 

49 

FTAPB 

16 
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Table  3.2,  Alphabetical  Cross  Reference 

for  Namelist  Input  Variables  (cont.) 


Variable 

Table  3.1 
Sheet  No. 

Variable 

Table  3.i 
Sheet  No. 

Vari  able 

Table 

Sheet 

FWRAT 

33 

‘ IFORMT 

17 

ITSTOP 

8 

GMAX 

20 

IFS 

5 

ITZERO 

5 

GOALTX 

9 

1FSUP 

13 

IXMAT 

2 

GOALTY 

9 

I FT 

10 

1X1 

1 

GR 

38 

IGBOM 

13 

1X2 

1 

GSAPRR 

19 

IMV 

8 

IYMAT 

2 

GSAPRX 

48 

IOB 

3 

JARTL 

30 

GSAPXX 

48 

I PERM 

17 

JNF 

51 

H 

34 

IPOS 

30 

JSTART 

1 

HB 

35 

IPREP 

51 

JSTOP 

1 

HFR 

16 

IPURSU 

19 

KDEFOP 

22 

HMT 

35 

I SECT 

43 

KREC 

12 

HL2 

/ 

ISEN 

7 

LAMDAE 

33 

H20 

45 

ISENLZ 

7 

L ANGLE 

51 

IAMG 

13 

ISSOFF 

11 

LDAYS 

22 

ICBOM 

13 

ISSON 

11 

LGTH 

29 

I CL 

3 

I STAY 

8 

LNR1 

2 

ICOHBF 

1 

I TACOS 

37 

LRANGE 

51 

ICPER 

47 

I TACT 

13 

MAE 

51 

IDELA 

48 

ITARIV 

7 

MAEE 

30 

IDELB 

48 

ITDRPM 

39 

MAXCAS 

1 

IDELC 

48 

I TIMS 

9 

MAXDIS 

31 

IDELD 

48 

ITMAX 

6 

MAXDT 

16 

IDELE 

48 

ITMOV 

8 

MAXREP 

1 

IDET 

8 

ITNMTA 

39 

MICRl 

3 

IDT  IM 

43 

ITNTAR 

39 

MLANGL 

51 

IDIREC 

19 

ITPLSA 

39 

ML  RANG 

51 

I DOM ST 

2 

ITPLSQ 

39 

MODE 

6 

IFADJ 

13 

ITRC 

3 

NBAT 

47 

I FAR 

13 

ITST 

8 

NBR 

29 

IFORFT 

17 

ITSTAY 

7 

NCB 

14 
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Table  3.2,  Alphabetical  Cross  Reference 


for  Namel 


Variable 

Sheet  3.1 
Sheet  No. 

Variable 

NCB1P 

52 

NWCL 

NCB2P 

52 

P 

NCO 

3 

PEQUIP 

NCOPY 

1 

PL 

NDECOY 

6 

PMC 

NFIX 

8 

PMR 

NGF 

14 

PO 

NGPB 

52 

PPLS 

NHANDG 

45 

PP1 

NLZ 

6 

PP2 

NMINES 

45 

PP3 

NMP 

9 

PP4 

NN 

52 

PP5 

NOB 

2 

PS 

NPAR 

48 

PT 

NPLAN 

7 

PW 

NRAD 

47 

Q1 

NRMT 

2 

Q2 

NROP 

52 

Q3 

NRST 

2 

RAMB 

NRS1P 

52 

RAMU 

NRS2P 

52 

RAMIN 

NRVP 

2 

RANMAX 

NSECT 

19 

RATT 

NSECTR 

21 

RAVODD 

NSENS 

7 

RAVOID 

NSTP 

11 

RC 

NSUPP 

30 

RCTAR 

NSWT 

45 

RCMAX 

NTAR 

8 

RCMIN 

NVOLLEY 

30 

RECRES 

ist  Input  Variables  (cont.) 


Table  3.1 
Sheet  No. 

Variable 

Table 

Sheet 

15 

REF 

35 

32 

REFS 

19 

45 

REQ 

39 

51 

RESMAX 

2 

37 

RFMOR 

49 

37 

RFMORR 

49 

32 

RFOOD 

45 

4 

RFSA 

49 

21 

RFSAA 

49 

21 

RHANDG 

45 

21 

RHOH 

32 

21 

RHOI 

33 

21 

RH20 

45 

33 

RLZ 

6 

47 

RMAX 

33 

51 

RMINES 

45 

21 

RMTMAX 

34 

21 

RNF 

47 

21 

ROBS 

19 

19 

RPA 

52 

45 

RPE 

32 

19 

RPECBU 

52 

9 

RPEGPB 

52 

19 

RPG 

32 

48 

RPOWR 

47 

48 

RSP 

19 

37 

RTER 

39 

38 

RZ 

19 

12 

SAFDIS 

29 

12 

SAW 

45 

2 

SC 

5 

1 
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Table  3.2,  Alphabetical  Cross  Reference 

for  Namelist  input  Variables  (cont.) 


Variable 

Table  3.1 
Sheet  No. 

Variable 

Table  3.1 
Sheet  No. 

Variable 

Table 

Sheet 

SCALE 

4 

TO 

32 

XBASE 

5 

SECT 

42 

T1 

29 

XCENT 

29 

SEGMIN 

30 

T2 

29 

XDBINS 

47 

SGMTA8 

36 

T3 

29 

XENGA 

29 

SGMTAW 

3b 

UNKCON 

16 

XLAAW 

27 

SIGFFR 

32 

VAX 

14 

XLP 

35 

SIGMDIS 

30 

VEGC 

35,40,41 

XLZ 

6 

SL1 

33 

VEGF 

40 

XMAXDT 

16 

SL2 

33 

VEG1 

2 

XMMAX 

32 

SOILF 

40 

VELM 

6 

XMU 

16 

SOI  LI 

2 

VELNOM 

16 

XOB 

3 

SOUNDT 

11 

VH 

1 

XPLAN 

7 

SPEC 

4 

VISLUM 

43 

YATT 

24 

SSIG 

16 

ViSMB 

36 

YAVODD 

48 

STS 

33 

VISMW 

36 

YAVOID 

48 

SUFAC 

21 

VK 

1 

YBASE 

5 

TAK 

29 

VTYP 

39 

YCENT 

29 

TBRNOS 

51 

W 

34 

YENGA 

29 

TBUR 

4 

WCHAR 

28 

YLZ 

6 

TB1STR 

51 

WDAY 

15 

YOB 

3 

TC 

9 

woe 

41 

YPLAN 

7 

70EBK 

6 

WDM 

41 

ZATT 

25 

TDMIN 

42 

WMT 

34 

THEATA 

1 

WPWT 

18 

TMR 

39 

WR 

42 

TPOWR 

47 

WTC 

41 

TPREP 

6 

WTM 

41 

TSR 

15 

WT5 

45 

TSS 

15 

XATT 

23 

TUSE 

47 

XAVOOD 

48 

TVEL 

9 

XAVOID 

43 

/ 
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4.0  MOOEL  OUTPUTS 

4.1  RECONMAISSANCE  MODEL  OUTPUTS 

The  reconnaissance  model  output  variables  are  defined  In  Table  4-1, 
and  are  listed  according  to  the  order  In  which  they  appear  In  the  model 
output  format.  The  method  used  to  calculate  these  variables  Is  described 
In  subroutines  SISTAT  and  SIURT  of  Volume  IV. 

4.2  COMBAT  M0D&  OUTPUTS 

The  combat  model  output  variables  are  defined  In  Table  4-2.  In  the 
model,  these  variables  are  printed  out  during  each  even  time  thus  giving 
the  user  a time  history  of  the  events  which  took  place  during  the  combat 
opera tion. 
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5.0  SUBROUTINES 

The  SIAF  model  subroutines  are  presented  in  Table  5-1  and  a brief 
summary  of  their  function  Is  presented  in  Table  5-2.  The  elevation  data 
handling  subroutines  are  presented  in  Table  5-3.  This  information  Is  pro 
vided  as  an  overview  of  the  SIAF  model  subroutines.  Details  concerning 
the  purpose,  description,  inputs,  outputs,  flow  chart,  and  programming 
information  are  presented  in  Volumes  II,  III,  V,  and  VI. 


Table  5-1 # SIAF  Models  and  Associated  Subroutines  (Sheet  2) 
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6.0  SAMPLE  CASE 

Sections  6.1  through  6.4  describe  a test  case  which  illustrates  the  use 
of  the  reconnaissance  model  while  Sections  6.5  and  6.6  present  a combat 
model  test  case. 

As  part  of  tne  lAf-  program,  a mocel  veri fi cation  pTan  was  developed 
and  a test  using  actual  patrols  was  conducted.  Concurrent  w'th  the  test, 
the  SIAF  System  Model  was  exercised  for  the  purpose  of  simulating,  this  test 
and  providing  data  for  comparison  purposes.  This  section  presents  a sample 
case  based  upon  the  test  scenario.  Included  is  a qualitative  description 
of  the  test,  a description  of  the  model  input  data  consisting  of  terrain, 
weather,  the  SIAF  operations  plan,  and  the  enemy  situation,  and  a description 
of  the  outputs  of  the  model. 

6.1  QUALITATIVE  DESCRIPTION  OF  THE  TEST  PROGRAM 

The  field  test  was  conducted  at  the  Hunter  Liggett  Military  Reser- 
vation located  near  King  City.  California,  a facility  of  the  Combat  Develop- 
ments Command  Experimentation  Command  headquartered  at  Fort  Ord,  California 
(Monterey).  The  test  exercise  was  conducted  in  a relatively  rugged  and 
remote  valley  which  is  also  a part  of  Los  Padres  National  Forest.  Figure  6.1 
is  a photograph  of  a map  of  the  area  of  operations  which  represents  a 
geographic  area  of  approximately  17  square  kilometers.  The  patrol  mission- 
scenario  (including  an  aggressor  scenario)  was  developed  by  the  test  conductor 
employing  inputs  from  the  test  team  members.  The  mission  was  basically  one 
of  reconnaissance  whicn  consisted  of  surveillance  of  a road  suspected  of  being 
an  enemy  supply  route,  by  a SIAF  patrol  moving  primarily  at  night  along  the 
high  ground  on  one  side  of  the  valley.  Combat  was  not  entered  or  simulated 
and  live  anmunition  wjs  not  carried. 

As  shown  by  figure  6.1,  the  distance  between  the  projected  Insertion 
and  extraction  points  is  approx  mutely  b-1/4  kilometers;  however,  the  route 
between  checkpoints  and  projected  patrol  bases  is  not  a straight  line  nor 
did  the  patrols  follow  a simple  point-to-point  route.  The  actual  route 
traveled  by  each  patrol  was  approximately  9 kilometers  long. 

Each  patrol  spent  two  days  in  an  objective  area  near  the  center  of  the 
route.  This  area  contained  several  OP's  and  bases  among  which  the  patrol 
moved.  Aggressor  activity  existed  in  the  area,  some  of  trfilch  was  along  the 
roads.  For  experimental  purposes,  this  area  was  instrumented  to  determine 
exact  positions  and  ranges  of  detection  between  the  SIAF  patrols  and  the 
aggressor. 
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• SIAF  CHECKPOINTS  AND  BASES 


Figure  6.1,  SIAF  Area  of  Operations 

Showing  Patrol  Checkpoints 
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The  5 1/2  day  mission  was  performed  by  each  of  20  patroT  teams 
provided  by  the  3 participating  services: 

Army  Special  Forces  10  teams 

U.  S.  Marine  Corps  5 teams 

U.  S.  Navy  Seals  5 teams 

Each  six-man  S1AF  patrol  team  was  given  the  same  mission,  checkpoints, 
and  basing  areas,  and  was  exposed  to  the  same  aggressor  scenario.  Patrols 
moved  primarily  at  night.  During  the  day  the  patrols  established  bases 
from  which  they  monitored  the  primary  road  or  conducted  related  reconnais- 
sance and  surveillance  activities.  The  sample  case  described  herein 
(referenced  as  scenario  1)  treats  only  the  first  of  these  patrol  missions. 

6.2  GLNERATION  OF  BINARY  TAPE  8 

As  described  in  Section  3.0,  Binary  Tape  8 is  generated  from  card 
input.  Because  of  the  requirement  to  duplicate  the  test  situation  as 
closely  as  possible,  detailed  terrain  and  vegetation  data  were  first 
gathered.  This  section  describes  that  task. 

As  previously  described  in  Section  2 4.1,  the  terrain  resolution 
study  for  the  Hunter  Liggett  area  indicated  a substantial  increase  in 
accuracy  with  50-meter  resolution  as  rompared  with  that  obtained  for  100- 
meter  resolution.  Since  the  objective  of  the  Hunter  Liggett  test  was  to 
validate  the  SIAF  model,  it  was  considered  necessary  to  use  50-meter 
resolution.  Since  the  only  available  digitized  data  were  100-meter  reso- 
lution, a decision  was  made  to  input  the  elevation  data  for  the  area  of 
operations  shown  in  Figure  6.1  by  hand.  For  this  purpose,  the  map  shown 
in  Figure  6.1  was  enlarged  and  a 50-meter  grid  was  overlcyed  on  the  map. 

Then  elevation  data  associated  with  each  corner  point  of  the  grid  were 
recorded  on  computer  input  sheets.  The  resulting  7,105  points  took 
approximately  two  weeks  to  record.  A namelist  printout  of  these  resulting 
data  is  shown  in  Figure  6.2.  These  data,  which  were  used  to  generate 
Binary  Tape  8,  are  in  feet  since  the  map  used  for  this  purpose  (Reference  3) 
contained  elevation  information  in  these  units.  Data  were  subsequently 
converted  to  meters  in  the  computer  program. 

It  should  be  pointed  out  that  Army  digitized  terrain  tapes  of  various 
areas  of  the  world  exist.  These  tapes  obviate  the  necessity  of  inputting 
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Figure  6.2,  Naaellst  Printout  of  S*»ple  Cjase  Elevation  (Z) 
•nd  Vegetation  (V)  Data  (Sneetl)! 
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Figure  6.2,  Namelist  Printout  of  Sample  Case  Elevation  (l) , 
and  Vegetation  (y)  Oat#  (Shaft  2) 


ft  ft 

* -ft 

-•  ft 

• 

A 

•4 

ft  ^4 

ft 

A 

A 

ft  • 

m a 

• 

♦ 

« 

-4 

• fM 

ft  A 

« 

-4  ft 

— ft 

A 

ft  -d  ft 

ft  1* 

•4  fM  ft  -ft 

• * « 

^ 

• — -4  1 

* 

• • 

• r\  • 
a s » 

“ ^ f 

•t 


* • # 

*T  A <\j  ■ 

> ft 


a • 

I ft  4 ft 

^ # l/M 
fM 

• • . 
• A 

♦ a 

4*  • - . 


• «t 

# ~4  IO 
M 1* 

*4  * 


* -4  • 

•f  » 

* « 

w • o 

• A 


A IT 

♦ • * 

rsj  •»  A A 

— ft 

• ft  ^ * 

-m  ^ — * 

* • # 

<N  • -4  *> 

A # 

» * — 

UN  <N  UN 
ft  » 

• f*  • A - 

-4  * — 

• 'M 

i — • • • 

# <n  • A 

• «M  * ft 

cj  aj 

- * 

► .fN  • ^ » 

> ft  -m  «* 

/ • 

— —#  - 

• A A 


• A 
• -4  ft 

A ^ 


N «a  • 

* -* 

• fNj  # • 

UN  CJ  *N  1 

# INI 
rg  » 

UN  • 

• * tA 
— fVJ 

• ft 
• UN 

• ft  - * 

l >A  «M  -ml 


A -*  -4 


un  -*  Aft 

• ft  <0 


ft  0 • « 

-•  ^5 

♦ • ft 

M -e  J 


■ - A r\j 

A 

ft  • ft  ( 

* rj  -4  m 


u ' Hi* 

ft  * ? 

r>4  *N 


4 ft  3 
A f 


• ft  A +S  — • A 

• O 

9 —a  — • — - 

• • -4  A *4 

UN  - *© 

—4  • e » • • 

• /)  » A «4  -0  0 


if  iT 

» ft 

*g  r\)  » • 

4 - 

• • * - 

^ 4 *r 


ft  N • 

^ •*  i 

• 4 
* 4 * 

.N 

ft  • a 

> C -m  < 


4 ^ 4 i 

ft 

• 2 • 

4 ■? 

ft  • * 

*J  — »* 


f?  J* 

ft  * ft 

J * 


A 'A 
ft  # » 

A .f  ^ ( 


— * A 

* <3  ♦ 

> UN  — • A| 


• A -4 
A « ft 

* A#  u> 

A| 

• • 

• «4if 

ft  ft 

* A A|  » 

>A 

• A **  UN 

f>  ft  -m 

• A 

• 'A  • 

•4  • A 

* • A.  ft 

^6  -•  fM 

ft  • 

<►  -4  • 

A ft 

• >f  # 

• A >0 

<*■0  • — 4 

* • P«m 

^ • • 

IM  ^ 

• * ft 

If*  A » * I 

—4 

• • ft  • 
a.  o r* 
ft  ft  — ft 

» A >M  *U 


ft  • 

Ul  • -ft 

• -ft  -ft  ft 
-ft  ft  UN 
ft  • 3 «ft 
UN  A —ft 

-ft  ft  » 

^|  • A 
- Aft 
u*  • # -r 
• -ft  t 
fM  ft  • 

N ft  t-4 

ft  -ft  ft 
-ft  ft  ft  ^ 
ft  A A 
-ft  ft  • 

-ft  fM  • 3 
A 

• • ft  * 

A -ft  A#  A 

ft  ft  ft 

N N • M 

• • ft  ft 
— * A A -4 

ft  ft 

f-t  A ft  •> 

A A 

• • ft  ft 
^ — '4  *2 

ft 

rs*  • - * 
fft  —<  a 

• * • # 

*•  *>  -t  + 


-4  ft  « — 

1 J N ft 
f — -4  <i\ 


--IHt4---^H4«4>4-<#  ft  4 ft  ft  ft  « ft# 

te4*4»ftftftftftftft«ft?'r<rw'N  *5—  fM^d'NJ 

4/JOO  44-44- 


! j 1694-6008MW-M1  , 

! (Revised  July  1$f3) 

Page  6-6  1 

\ > 

; , | I 

Figure  6.2,  Namelist  Pt in tout  of  Sample  Case  Elevation  (Z) 
and  Vegetation  (V)  Data  (Sheft  3) 
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Figure  6.2.  fcuvelist  Printout  of  Semple  Case  Elevation  (Z) 
and  Vegetation  (V)  Data  (Sheet  4) 
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Figure  6.2,  Namelist  Printout  of  Sample  Case  Elevation  (Z) 
and  Vegetation  (V)  Data  (Sheet  5) 
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Figure  6.2,  Nanai 1st  Printout  of  Spple  Cast  Elevation  (Z) 
and  Vegetation (V)  Data  (Sheet  8) 
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Figure  C.2,  Nan 
and 


illat  Printout  of  Spple  Case  Elevation  (Z) 
Vegetation  (V)  Oatf  (Shaft  10) 
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Figure  6.2,  Nwellst  Printout  of  Sfnple  Cose  Elevation  (2) 
and  Vegetation  Cl)  Detf  (Shaft  11) 
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Figure  i.2,  Kent) 1st  Printout  of  Simple  (Use  Elevation  (Z) 
and  Vegetation  H)  Data  (She#tUJ  T 
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Figure  6.2.  taMlIst  Printout  of  Staple  (im  flovotlon  (Z) 
W and  Vegetation  (¥)  0*t#  (Sheet  13) 
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Figure  6.2*  Nm*1  1st  Printout  of  Sanple  Cos*  Iteration  (Z) 
and  fogotatlon  (V)  Data  (Shaft  14) 
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Figure  S.2,  NMellst  Printout  of  Staple  (<s«  E1«v«t1*n  (2)' 
and  legation  (V)  Bata  (Shaat  IS) 
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Flpn  C.2,  HawHst  Printout  of  Sjapla  (as*  E] ovation  (Z) 
V 090  tat  Ion  (V)  Onto  (SMt  1C) 
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Figure  6.2,  Namelist  Printout  of  Simple  Case  Elevation  (Z) 
and  Vegetation  (V)  Dat|  (Sheet  17) 
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terrain  data  by  hand  as  was  dona  far  this  sample  case, and  normal  use  of 
the  aadtl  for  various  SIAF  studies  would  probably  not  raqulrc  as  extensive 
an  affort  as  was  undertaken  for  this  project. 

As  with  relief,  considerably  wore  effort  than  normally  required  was 
taken  to  Input  vegetation  data  since  tha  objective  of  the  simulation  was 
to  duplicate  as  bast  as  possible  tha  test  situation.  As  described  In 
Section  2.4.1,  a vegetation  survey  of  tha  Hunter  Liggett  area  was  conducted 
far  the  purpose  of  obtaining  Input  data  for  this  simulation.  During  this 
survey,  aerial  photographs  of  the  area  were  obtained,  a ground  survey  was 
conducted,  and  the  vegetation  In  the  area  was  categorized  according  to  tha 
classification  scheme  shown  In  Figure  2.7.  From  this  Information,  the 
vegetation  data  for  the  50-meter  grid  square  resolution  were  recorded  on 
computer  Input  sheets.  The  last  part  of  Figure  6.2  shows  namelist  printout 
of  these  data  from  which  Tape  8 was  generated.  Because  of  the  difficulties 
of  correlating  the  aerial  photograph  with  the  nap,  this  exercise  took 
approximately  three  weeks;  however,  normal  use  of  the  model  would  require  a 
far  less  extensive  effort.  In  fact,  with  the  aid  of  the  namelist  Input  the 
vegetation  of  the  entire  area  could  be  Input  with  one  card  If  the  user 
desired  to  specify  a constant  vegetation  class  for  the  area. 

6.3  USER  INPUT  AND  OATA  BASE 

l 

Values  corresponding  to  the  variables  of  Tables  3-1  and  3-2  are 
presented  In  Figure  6.3.  The  data  base  In  NAML1  consists  of  the  first 
three  pages  of  this  Figure.  The  user  inputs  with  the  exception  of  the 
target  data  are  In  NAM.2  which  starts  on  the  third  page  of  Figure  6.3, 
while  the  target  data  (NAML3)  starts  on  the  seventh  page  of  Figure  6.3. 

The  user  Input  for  the  sample  case  has  been  organized  alphabetically  so 
there  Is  a one-to-one  correspondence  between  this  sample  case  and  the  Inputs 
described  In  Section  3.0. 

In  order  to  exercise  the  dynamic  route  and  external  fire  support 
options  of  the  model,  this  sample  case  was  organized  as  follows:  For  targets 
1 and  2,  the  decision  rule  used  was  for  SIAF  to  move  toward  these  targets  1 
an  attempt  to  Identify  them.  Once  targets  were  Identified,  external  fire 
support  was  to  be  called  on  the  targets.  For  targets  3 and  4,  the  decision 
rule  was  to  avoid  these  targets.  If  detected,  by  moving  around  them.  For 
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targets  ti  through  5],  no  dynamic  movement  was  used.  Instead,  once  detected, 
these  targets  wore  removed  from  the  simulation  and  subsequent  identification 
was  not  attempted. 

0.4  MODEL  (MITPtlfb 

fhe  outputs  of  the  model  consist  of  detail  and  summary  printout. 

Detail  printout  presented  in  Figure  6.4  begins  with  some  target  transformations 
and  then  shows  the  X and  V coordinates  of  the  SIAF  location,  the  target 
currently  being  considered  under  the  dynamic  route  option,  and  the  current 
time  in  seconds.  The  second  page  of  Figure  6.4,  for  example,  indicates 
that  IDTAR  equals  zero.  Thus,  there  are  no  targets  currently,  being  considered 
for  the  dynamic  route  option  at  the  simulation  time  shown.  The  third  page 
of  Figure  6.4  indicates  that  the  dynamic  route  option  was  taken  by  the  patrol 
it  the  time  shown.  Subsequent  printout  reveals  that  the  patrol  was  moving 
toward  the  first  target  in  an  attempt  to  identify  it.  Finally,  the  fifth  page 
of  figure  6.4  shows  the  result  of  an  external  fire  support  mission  which  was 
called  on  target  number  2 and  later  on  target  number  1.  This  detail  printout 
continues  and  presents  a time  history  of  a portion  of  the  operation  by 
showing  when  a dynamic  route  is  used,  the  results  of  the  external  fire 
support  missions,  and  the  location  of  the  patrol  throughout  the  entire 
ti.iss  i • >n . 

Seminary  printout  of  the  simulation  of  the  mission  for  all  51  targets 
is  presented  in  Figure  6.5.  Table  6-1  presents  a brief  description  of  these 
targets.  For  this  summary  printout,  the  dynamic  route  option  described  above 
was  net  used;  hence,  KRLC(IT)  was  set  equal  to  zero  for  all  targets. 

Included  in  Figure  6.5  are  statistics  pertaining  to  visual  detection, 
fur  i'  t identification,  aural  detection,  target  location,  movement,  navigation, 

> ii’jnunicjt ions , supply  maintenance,  and  human  maintenance.  As  an  example  of 
the  correlation  of  these  results  with  the  physical  situation.  Figures  6.6 
und  6.7  are  presented.  Figure  6.6  shows  the  first  six  targets  in  the  vicinity 
of  the  star  cluster  turn  while  Figure  6.7  shows  the  time  line  diagram 
associated  with  these  targets. 

A study  of  these  Figures  and  Page  1 of  the  output  data  of  Figure  6.5 
reveals  that  for  5 replications,  targets  1 through  3 were  never  visually 
o tec  ted  by  SIAF  while  targets  4 through  6 were  always  detected.  Page  37 


/ 16906-6008-8MQ 

of  the  output  reveals  that  <ne  reasons  for  no  detection  on  target  1 ne'e 
primarily  due  to  vegetaticr  while  targets  2 and  3 Mere  always  Masked  by 
relief.  The  aural  detect*. n statistics  of  Page  10  of  Figure  6.5  Indicate 
that  targets  !•  2,  and  5 ■ vre  always  detected  by  SIAF  while  target  4 (8 
personnel)  was  not.  Aurti  detection  of  t 3 and  6 was  not  feasible. 

Uith  respect  to  de<-  tions  of  SIAF.  Page  19  of  Figure  6.5  indicates 
that  target  4 (8  person  v?l ) v^ually  detected  SIAF  once  in  5 replications 
while  Page  28  reveals  ra  'aral  lections  of  SIAF  by  the  enemy. 
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EVENTS  PLANNED  FOR  A SECOND  PATROL  IN  THE  TEST,  THAT  PRESENT  DETECTION  OPPORTUNITIES 
FOR  THE  FIRST  PATROL. 
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Figure  6.7,  Timeline  Diagram  for  Selected  Portion  of  the  Scenario 
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6.5  USER  INPUT  FOR  THE  COMBAT  MODEL  SAMPLE  CASE 

As  an  example  of  the  operation  of  the  Integrated  reconnaissance  and 
combat  model  Including  the  additions  made  In  the  modification  contract,  the 
following  case  Is  presented.  Figure  6.8  shows  the  namelist  Input  used  for 
this  case.  The  area  of  operations  Is  taken  from  the  Hunter  Liggett 
Military  Reservation.  The  scenario  calls  for  a SIAF  patrol  of  eight  men 
on  an  ambush  mission.  They  are  moving  In  the  dry  El  Piojo  Creek  bed  at 
0800.  The  scenario  is  diagrammed  in  Figure  6.9.  The  target  starts  on  the 
other  side  of  an  80  foot  hill  approximately  600  meters  away.  The  target 
is  a six-man  patrol  and  is  heading  on  a collision  course  with  the  SIAF. 

6.6  OUTPUTS  FOR  THE  COMBAT  MODEL  SAMPLE  CASE 

The  outputs  of  the  model,  shown  in  Figure  6.10,  consist  of  detail  and 
summary  printout.  The  detailed  printout  begins  with  the  location  of  the 
target  and  of  the  SIAF.  Two  lines  of  printout  are  generated  by  the  Recon- 
naissance model  at  the  end  of  each  segment.  This  gives  the  positions,  a 
detection  verdict,  the  time,  and  the  reason  for  no  line  of  sight. 

At  17  minutes  into  the  mission,  the  SIAF  detects  the  target.  This  is 
shown  by  point  1 on  Figure  6.9.  It  is  in  an  area  of  both  vegetation  and 
microrelief.  The  output  then  shows  the  generation  of  a dynamic  route  to 
seek  recognition  of  the  target.  The  grid  plot  shows  the  selected  grid 
points  for  the  dynamic  route.  One  minute  later,  the  SIAF  identifies  the 
target.  The  range  is  264  meters.  This  is  shown  by  point  2 on  Figure  6.9 
for  both  the  SIAF  and  target.  At  this  point,  a dynamic  route  is  generated 
to  return  to  the  original  route  should  that  be  the  decision  of  the  SIAF. 

The  action  selected  by  the  decision  logic  submodel  is  to  continue  to 
ambush.  A preliminary  deployment  point  and  engagement  point  is  selected 
which  is  the  first  admissable  point.  The  optimization  logic  then  selects 
deployment  points  for  both  a base  of  fire  and  a moving  maneuver  unit.  These 
are  shown  by  the  pair  of  points  labelled  number  3 at  the  edge  of  the  wooded 
area.  The  projected  engagement  point  for  the  target  is  also  shown.  The 
optimization  logic  also  determines  an  assault  poin~  close  to  the  target. 

At  this  point  in  the  simulation,  the  terrain  resolution  is  shifted 
from  50.8  meters  to  12.7  meters  for  greater  accuracy  in  the  line  of  sight 
calculations.  The  individual  attributes  are  then  printed  for  both  patrols 
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at  the  start  of  combat.  The  next  computation  is  the  generation  of  dynamic 

routes  for  the  attacker  maneuver  units  to  the  deployment  points.  ' * 

The  combat  model  through  its  executive  routine*  CMAIN,  then  assumes 
control  of  the  simulation.  This  Is  driven  by  the  first  occurrence  of  a 
detection,  arrival  at  the  checkpoint  (generated  by  dynamic  route  routine), 
casualty,  or  20  seconds  if  nothing  else  happens.  For  other  missions,  it 
considers  also  the  arrival  of  an  external  fire  support  burst  and  the 
detonation  of  Claymore  mines.  For  this  case,  the  first  few  events  are 
Individual  detections  by  SIAF  members  of  target  members.  More  detections 
could  be  occurring,  but  only  one  is  printed  per  patrol  at  each  event  inter- 
val. Here  the  locations  of  the  maneuver  unit  leaders  are  also  printed. 

The  next  two  events  are  arrivals  at  the  Intermediate  dynamic  route  points. 

This  process  continues  until  both  maneuver  units  have  arrived  at  their 
deployment  points.  At  this  time,  they  stop.  A dynamic  route  Is  generated 
for  the  moving  maneuver  unit  to  get  to  the  assault  point,  but  movement  does 
not  begin  on  this  leg  for  an  ambush  until  the  fi refight  has  begun.  The 
model  continues  to  print  detection  events  for  the  attacker  of  the  defender 
while  the  defender  is  moving  to  the  engagement  point. 

When  the  defender  arrives  at  the  engagement  point,  the  SIAF  opens 
fire  and  a casualty  event  occurs  within  2 seconds.  As  shown  in  the  print- 
out, the  casualty  Is  defender  number  S who  sustains  a minor  wound.  The 
next  event  is  another  casualty.  This  time  defender  2 sustains  a major 
wound.  The  elapsed  time  of  the  firefight  Is  3.3  seconds.  The  attribute 
tables  for  both  patrols  are  then  printed  as  they  are  after  either  a major 
wound  or  death.  At  this  time,  the  defender  decides  to  withdraw  and  selects 
a direction  180°  opposite  to  which  It  was  moving.  The  break  decision  was 
due  to  the  high  number  of  casualties. 

At  the  five  second  point,  defender  number  3 is  killed.  The  break 
decision  printout  is  repeated  for  Information  purposes,  but  no  new  action 
is  taken.  The  next  event  is  a major  wound  for  defender  1 at  6.2  seconds. 

At  7.8  seconds,  defender  6 is  killed  and  at  9.7  seconds,  defender  4 is 
killed.  At  this  point  all  defenders  have  been  killed  or  wounded.  The 
SIAF  stops  firing  and  the  moving  maneuver  unit  reaches  the  first  check- 
point on  its  assault  route. 
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At  30  seconds,  however,  the  SIAF  decides  to  break  due  to  an  elapsed 
time  criterion.  A rally  point  Is  selected  on  the  opposite  side  of  the  hill 
and  the  SIAF  begins  moving.  After  arriving  at  the  rally  point,  the  patrol 
decides  to  continue  the  reconnaissance  mission.  The  final  attributes  are 
printed  and  control  Is  returned  to  the  Reconnaissance  Model.  At  this  time, 
the  elevation  data  at  the  50.8  meter  resolution  is  retrieved.  The  SIAF 
then  completes  Its  operations  plan  and  Is  extracted.  Sunmary  statistics 
for  the  mission  are  then  printed. 

6.7  EXAMPLE  USING  EXTERNAL  FIRE  SUPPORT 

The  same  case  was  run  using  external  fire  support  in  preparation  for 
the  fl refight.  The  same  Inputs  were  used  except  the  mission  was  changed 
to  attack.  The  same  deployment  and  engagement  points  were  selected,  but 
this  time  a volley  of  artillery  shells  arrived  soon  after  the  request. 
Figure  6.12  shows  the  detailed  output  from  there  on.  First  the  burst 
points  are  printed  and  then  the  attributes  after  the  burst.  The  next  event 
Is  a casualty  Inflicted  by  the  SIAF  who  open  fire  after  the  first  volley. 
The  next  events  are  arrivals  of  more  volleys  of  artillery.  Again  the 
target  decides  to  break  in  the  opposite  direction.  The  attacker  decides 
to  break  due  to  the  elapsed  time  criterion. 

6.8  EXAMPLE  USING  CLAYMORE  MINES 

For  this  case,  the  mission  was  switched  to  an  ambush  using  Claymore 
mines.  As  shown  In  Figure  6.13,  the  mines  were  deployed  just  inside  the 
edge  of  the  wooded  area.  The  SIAF  was  deployed  In  the  woods  and  was  not 
detected  by  the  target.  When  the  target  reached  the  most  vulnerable  area 
with  respect  to  the  mines,  they  were  detonated  and  all  of  the  target 
personnel  were  killed.  Control  then  returned  to  the  Reconnaissance  model 
after  the  withdrawal.  The  detailed  output  Is  shown  In  Figure  6.14. 
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7.0  OPERATING  PROCEDURES 


This  section  describes  the  operating  procedures  In  terms  of  hardware 
requirements,  software  requl rements , overlay  structure  of  the  model,  and 
sample  deck  setup. 

7.1  HARDWARE  REQUIREMENTS 

e COC  6000  series  digital  computer 

e SCOPE  operating  system 

e FORTRAN  EXTENDED  source  program  compiler (FTN) 

e COMPASS  assembler 

e Tape  drive  for  Input  of  topocom  tape 

e 232K  of  octal  60-bit  words  central  memory 

e Temporary  and  short-term  storage  devices  (l.e.,  disk  or  tape) 

• Standard  system  file  configuration  for  Input  data  and  object  program 
modules. 

7.2  SOFTWARE  REQUIREMENTS 

e FORTRAN  unit  1 Is  used  for  reading  namelist  Input  data.  This  data 
consists  of  NAML1 , NAML2,  NAML3,  and  NAH4.  File  NLINP  Is  refer- 
enced to  this  unit. 

e FORTRAN  unit  2 Is  used  for  temporary  storage.  At  the  beginning 
of  the  model  the  packed  reconnaissance  elevations  are  stored  here. 
After  the  return  of  a combat  operation  this  unit  Is  read  to  restore 
reconnaissance  elevation  data.  File  PAKZ  Is  referenced  to  this  unit. 

e FORTRAN  unit  5 Is  used  for  standard  Input.  File  INPUT  Is  referenced 
to  this  unit. 

e FORTRAN  unit  6 is  used  for  standard  output.  File  OUTPUT  Is  refer- 
enced to  this  unit. 

• FORTRAN  unit  7 Is  used  for  temporary  storage.  When  a start/stop 
point  Is  reached,  the  common  blocks  are  dumped  or  read  from  this  unit, 
so  that  the  model  can  be  started  or  stopped  at  specific  points.  File 
START  Is  referenced  to  this  unit. 

• FORTRAN  unit  8 Is  used  for  reading  elevation  Input  data.  This  file 
Is  a direct  output  of  topocom  programs,  MAPGEN  or  ROTATE.  File 
ZINP  Is  referenced  to  this  unit. 
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• FORTRAN  unit  9 is  used  for  intermediate  storaqe.  The  comon  block 
STATS  is  updated  on  this  unit  for  each  replication  of  the  model. 

File  STATS  is  referenced  to  this  unit. 

e Most  of  the  COMMON  blocks  used  by  the  SIAF  pronram  are  defined 
in  the  following  corputer  pages  1 through  47  of  Fiwure  7.1. 

’’nese  blocks  were  generated  by  the  BLKuEN  pronrar-  described  in 
Appendix  A of  this  volume.  Osina  these  COMMON  blocks  the  SPECPN 
program  defined  in  Appendix  B of  this  volume,  tuncied  out  the 
DIMENSION  and  EQUIVALENCE  statements  for  all  subroutines  requiring 
ary  variable  pertainino  to  the  COMMON  blocks. 

• ro  facilitate  finding  a location  of  a common  variable,  Figure  7.2 
gives  an  alphabetical  list  of  all  variables  in  these  cnnrions. 
Furthermore,  their  location  in  that  block  and  the  block  name  are 
given  along  with  Its  dimension  if  the  variable  is  an  array. 

7.3  OVERLAY  STRUCTURE 

• Figure  7.3  is  a chart  overview  of  the  overlay  structure  organization. 
Within  each  overlay  block  the  overlay  level  is  given  and  the  sub- 
routine and  programs  are  listed  alphabetically , alonn  with  the  size 
of  the  model  with  that  overlay. 

7.4  SAMPLE  DECK  SET-UPS 

• Figures  7.4  - 7.6  are  listings  of  card  decks  that  would  be  required 
to  create  the  model  from  tare  starting  from  scratch  and  end  up  with 
an  execution  of  the  sample  case. 

• Figure  7.4,  when  submitted,  will  create  or  cony  from,  the  SIAF  tape, 
all  source  cards  and  store  them  on  Derranent  disk  file- . 

• Now,  execution  of  rigure  7.5  will  compile  all  these  . rce  cards 
and  create  the  object  modules  required  for  loading.  These  also 
are  stored  on  permanent  disk  files. 

• Figure  7.6  takes  the  generated  object  modules  along  with  the  re- 
quired input  files  and  executes  the  sarnie  case. 
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7.5  INSTALLATION 


a The  SIAF  program  as  described  above  mas  Installed  and  runs  on  a 
COC  5500  digital  computer  at  the  USACDC  Data  Processing  Installa- 
tion, at  Fort  Leavenworth,  Kansas. 
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Figure  7.1,  Master  Copse  listings  (Sheet  1) 
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Figure  7.1,  Nestor  Comm  Listings  (Sheet  2) 
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Figure  7.1,  H*ster  Comon  listings  (Sheet  9) 
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Figure  7.1,  Master  Canon  Listings  (Sheet  10) 


_ HASTE*  C9*»*0»i  i units 


Si 


(VI 


I 

il 

I 

» 

( 

I 

• 


UJ'  I 

0.1  • 
» • 
• 

I 


t!  * 

-ill 

I 
I 

V*\  I 
O.  I 
0.1  • 


a ^ «o  OiM  -t 

(MM  M M|M 


1 690 5- 6006- R0- 00 
Pag*  7-14 


1 

i 

j : 

■ i 

i 

i-» 

• ONiNeo 

I 

a a a m 

: ; i 

at  z 

| • «l  • (M  <M 

M M Mi  • ' , 

l 1 

* o 

• a ala 

la 

1 

*-  *-* 

1 M M'M 

IM 

i 

: ! 

* (A 

o z 

• 

i 

i 

i 

Ul 

1 

J » 

i 

(O  Z 

1 1 

! ; 

i 

i 

<-t  t-t 

t j 

! 

a 

1 

1 k 

* 

1 1 

i 

8 

1 

i 

1 

! | 

i I 

mt 

i 

i i ! 

CO 

! 

i ; t 

UJ 

• 

1 i j 

5 

1 

< O l 

8 

• i i 

UJ  < 

I of  ofior 

o 

* * 
* J 

Of  M 

» * o o z m 

» « >:u< 

i 

Of  Of 

1 *-  < » O V) 

Wl  t—  Of 

I 

3 «* 

$ N4  M M *4  i-ei 

HHHN 

o ■> 

* ! 

! 

! 

i i 

figure  7.1,  Mister  Canon  Listings  (Sheet  12) 
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Figure  7.1,  Hester  Camion  Listings  (Sheet  18) 
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Figure  7.1,  Master  Coamon  Listings  (Sheet  30) 
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Figure  7.1,  Master  Canon  Listings  (Sheet  38) 
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SIAF  ,nOO,MTl , ] 

TASK,TN»SIAFfTA«13954,0S*AT0S0PF,TR=TS.  ] 

ACQUEST ,SIAF00,*AM. 

REQUEST, SIAF01 ,*AH. 

REQUEST, SIAF02,*AM. 

REQUEST .SIAF03 ,*AM. 

REQUEST .SIAF04 ,*AM. 

REQUEST, $IAF05,*AM. 

REQUEST ,SIAF06,*AM. 

REQUEST, SIAF07,*AM. 

REQUEST, SIAFH8.MM. 

REQUEST, BTPKS,*AM. 

REQUEST. NLINP,*AM. 

REQUEST.ZINP.MM. 

REQUEST, CONVRT,*AM. 

REQUEST. MAPGEN,*AM. 

REQUEST, ROTATE, *AM. 

VSN,SIAF»0000. 

REQUEST, SIAF, *HY. 

C0PY8R ,SIAF ,S JAFOO. 

COP YBR, SIAF, BTPKS 
COPYBR, SIAF.SIAFOl, 

COPYBR, SIAF, SIAF02. 

C0PYBR.SIAF.SIAF03. 

COPYBR, SIAF.SIAF04. 

COPYBR, SIAF.SIAF05. 

COPYBR, SIAF, SIAF06. 

COPYBR, SIAF, SIAF07. 

C0PYBR,SIAF,SIAFC8. 


Figure  7.4,  Creation  of 


Source  Files  (Sheet  1) 
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SKIPF.SIAF.9. 

COPYBR.SIAF.NLINP. 

COPYBR.SIAF.ZINP. 

COPYBR.SIAF.CONVRT. 

COPYBR.SIAF.MAPGEN. 

COPYBR.SIAF, ROTATE. 

CATALOG,SIAFnO,SIAFOO,ID*SIAF,RP*100,CY=l. 
CATALOG  ,BTPKS , BTPKS , ID=SIAF  ,RP*1 00 ,C Y=1 . 
CATALOG, SIAF01 .SIAFOl ,ID*SIAF,RP*100,CY»1 . 
CATAL0G,$IAF02,SIAF02,ID3SIAF,RP*100,CY*1 . 
CATALOG, S1AF03,SIAF03,ID*SIAF,RP*100 ,CY=1 . 
CATAL0G,SIAF04,SIAFO4,ID«SIAF,RP«100,CY»l. 
CATALOG ,SI AF05 ,S IAF05 , ID*S IAF ,RP*1 00  ,CY=1 . 
CATALOG ,S IAF06  .SIAF06  ,ID«SIAF  ,RP»100  ,CY-1 . 
CATALOG  ,S1 AF07  ,S IAF07  ,ID-S IAF .RP-100 ,CY»1 . 
CATALOG,SIAFC8,SIAF08,ID3SIAF,RP3100,CY-1. 
CATALOG  ,NLINP,NLINP,ID=SIAF,RP»100,CY31. 
CATALOG , Z INP.Z I NP,I0*SIAF,RP=1 00 ,CY=1 . 
CATALOG .CONVRT .CONVRT ,ID=SIAF ,RP31 00 ,C  Y=1 . 
CATALOG .MAPGEN ,MAPGEN ,ID=SIAF,RP*100,CY=1 . 
CATALOG  .ROTATE .ROTATE , ID*SIAF ,RP=100 ,CY=1 . 
EOR 
EOI 


Figure  7.4,  Creation  of  Source  r<les  (Sheet  2) 
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SIAF.T400. 

TASK ,TN«SI AF  ,TA» 1 3954 .OS-ATDSDPF ,TR»TS. 
REQUEST, NVBFTO ,*AM. 

REQUEST  .NVBFT1 ,*AM. 

REQUEST  ,NVBFT2,*AM. 

REQUEST ,NV8FT3 ,*AM. 

REQUEST ,NVBFT4 ,*AM. 

REQUEST ,NVBFT5,*AM. 

REQUEST ,NVBFT6.*AM. 

REQUEST  ,NV8FT7,*AM. 

REQUEST  ,NVBFT8,*AM. 
ATTACH,SIAFOO,SIAFOO,ID=SIAF. 

ATTACH , BTP  KS , BTPKS , I D*S I AF . 

ATTACH.SIAFOl ,SIAF01  ,ID=SIAF. 
ATTACH,SIAF02,SIAF02,ID*SIAF. 

ATTACH, SIAF03,SIAF03,ID=SIAF. 

ATTACH, SIAF04,SIAF04,ID*SIAF. 
ATTACH,SIAF05,SIAF05,ID=SIAF. 

ATTACH, SI AF06,SIAF06,ID=SIAF. 

ATTACH  .SIAF07 .SIAF07 , ID=SIAF. 

ATTACH, S IAF08, SI AF 08, ID=SIAF. 
FTN,I*SIAFOO,B*NVBFTO. 

COMPASS , I = BTP  KS , B*  NVBFTO . 


Figure  7.5,  Creation  of  Object  Files  (Sheet  1) 
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FTN,I3SIAF01 ,B*NVBFT1. 
FTN,I*SIAF02,BsNVBFT2. 
FTN,I=SIAF03,B=NVBFT3. 
FTN,I*SIAF()4,B*NVBFT4. 
FTN,I=$IAF05,B*NV8FT5. 
FTN,I=SIAF06,B*NVBFT6. 
FTN,I«$IAF07,BSNVBFT7. 
FTN,I*SIAF0fl,B*NVBFT8. 

CATALOG, N7BFTO,NVBFTO,ID=$IAF,CY*1. 
CATALOG, NVBFT1 .NVBFT1  ,ID*SIAF,CY=1 . 
CATAL0G,NVBFT2,NVBFT2,ID=SIAF,CY*1 . 
CATALOG, NVBFT3,NVBFT3,ID=SIAF,CY=1. 
CATALOG  .NVBFT4  .NVBFT4 , ID=SIAF ,C Y-l . 
CATALOG, NVBFT5,NVBFT5,ID*SIAF,CY*1 . 
CATALOG .NVBFT6 .NVBFT6 , ID-SIAF ,CY«1 . 
CATALOG, NVBFT7,NVBFT7,ID=SIAF,CY*1. 
CATALOG .NVBFT8 , NVBFT8 , ID=SIAF ,CY=1 . 
EOR 
EOT 


Figure  7.5,  Creation  of  Object  Files  (Sheet  2) 
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SIAF.T700. 

TASK, TN»SIAF,TA«! 3954, OS*ATDSDPF»TR«TS. 

ATTACH , NVBFT0  .NV8FT0 , ID*S IAF . 

ATTACH, NVBFT 1 .NVBFT1  ,ID*SIAF. 

ATTACH, NVBFT2,NVBFT2,ID*SIAF. 

ATTACH , NVBFT3 .NVBFT3 , ID*S IAF . 

ATTACH , NVBFT 4 , N VBFT4 , ID*S IAF . 

ATTACH , NVBFT  5 , NVBFT  5 , ID*S IAF . 

ATTACH, NVBFT6 ,NV?FT6, ID»$IAF. 

ATTACH , NVBFT7 , NVBFT7 , I D»S IAF . 

ATTACH ,NVBFT8 .NVBFT8 , IDaS IAF. 

^TTACH,ffl_If|p  ,NL  INP , ID*SIAT . ! 

ATTACH,ZINP,ZINP,ID«SIAF.  I 

RfL, 150000.  * ; 

loao.nvbfto,  j 

LOAO.NVBFTI . j 

L0AD.NVBFT2. 

10AD.NVBFT3. 

L0A0.NVBFT4. 

LOAO.NVBFTS. 

L0AD.NVBFT6. 

10A0,NVBFT7. 

10A0,NVBFT8. 


3 
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Tlgan*  7 .6,  Execution  of  Model  (Sheet!) 
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NOGO 

RfL, 23200 n. 

Ml HALPH. 

EXIT. 

DMP, 232000. 

EOR 

SNAML1 

(REVISIONS  TO  NAMELIST  NAML1 \ 
SENO  ; 

SNAML2 

(REVISIONS  TO  NAMELIST  NAML2) 

SEND 

SNAML3 

(REVISIONS  TO  NAMELIST  NAML3) 
SEND  ' 

SNAML4 

(REVISIONS  TO  NAMELIST  NAML4) 

SEND 

EOR 

EOI 


figure  7.6, 


Execution  of  Model  (Sheet  2) 
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8.0  5IAF  RELIEF  MODEL  VALIDATION 


8.1  PURPOSE 

The  purpose  of  this  discussion  Is  to  describe  the  method  and  results 
of  simulating  line  of  sight  experiments  to  demonstrate  the  validity  of: 

1)  the  line  of  sight  calculations;  and  2)  the  mathematical  concept  of  macro- 
relief representation  In  the  SIAF  Terrain  Submodel.  The  raw  data  used  In 
the  simulation  was  taken  from  field  measurements  at  nine  different  locations 
In  the  Hunter-LIggett  Military  Reservation.  The  experiment  measures  line 
of  sight  data  with  respect  to  macro-relief  only;  the  effects  due  to  vege- 
tation and  micro-relief  features  are  neglected. 

8.2  HUNTER-LIGGETT  FIELD  EXPERIMENT 

8.2.1  Purpose 

The  primary  purpose  of  the  field  experiment  was  to  gather  actual  line 
of  sight  data  concerning  terrain  macro-relief.  The  line  of  sight  experi- 
ments were  conducted  at  nine  locations  within  the  map  section  shown  in 
Figure  8.1. 

8.2.2  Equipment 

The  experiments  required  three  pieces  of  equipment.  A compass  was 
used  to  determine  direction,  a one-hundred  meter  rope,  graduated  in  five 
meter  intervals  was  used  to  measure  surface  distance,  and  a pair  of  walkie- 
talkies  was  used  to  relay  Information. 

8.2.3  Methodology: 

The  typical  procedure  undertaken  is  depicted  in  Figure  8.2.  An  ob- 
server would  stand  at  an  easily  Identifiable  point  (l.e. , landmarks,  roads, 
peaks,  saddlepoints,  etc.)  with  a compass  and  walkie-talkie.  One  end  of 
the  hundred-meter  rope  is  held  by  the  observer.  Another  individual, 
designated  as  the  "target",  moves  away  from  the  observer  holding  the  other 
end  of  the  rope.  The  target  is  also  equipped  with  a walkie-talkie.  The 
target  continues  to  walk  away  from  the  stationary  observer,  until  only  the 
target's  head  is  visible  (to  the  observer)  due  to  the  interruption  of  the 
line  of  sight  by  the  ground.  The  observer  and  target  are  in  radio 
communication,  so  that  the  location  of  the  target  at  the  time  of  line  of 
sight  interruption  is  established  accurately. 


’**  : — 'I1  ~ II  ■'  ,r  * ■'(«■. W1  ■ 
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Figure  8.2,  LOS  Experimental  Procedure 
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The  procedure  Mas  repeated  at  approximately  every  fifteen  degrees  of 
arc,  at  which  time  a third  individual  would  record  the  heading,  and  the 
"surface  distance"  between  the  observer  and  target.  By  "surface  distance" 
we  mean  the  distance  traced  out  by  the  rope  over  the  curvature  of  the  ground. 

This  is  to  be  distinguished  from  the  "range  distance,"  which  is  the  distance 
between  observer  and  target  when  the  line  of  sight  is  projected  onto  the 
grid  plane  of  zero  altitude.  See  Figure  8.3  for  the  distinction.  This 
Drocedure  continued  over  a three  hundred  and  sixty  degree  sweep  about 
the  observer,  whenever  the  terrain  permitted. 

Line  of  sight  data  was  collected  at  nine  different  locations.  At 
each  site,  several  direction  headings  and  the  corresponding  surface 
distances  were  recorded.  The  nine  locations  are  shown  in  Figure  8.1, 
and  the  experimental  data  is  displayed  In  Figure  8.4. 

8.2.4  Field  Measurement  Errors 

In  conducting  an  experiment  of  this  type,  four  sources  of  error  are 
inherent  and  must  be  taken  into  consideration  using  the  data  for  validation 
purposes. 

• Location  Error:  Exact  determination  of  the  observer’s  position 

(grid  coordinates)  is  impossible.  Minimizing  the  effects  of 
this  type  of  error  was  achieved  basically  by  choosing  observer 
positions  near  relief  landmarks  such  as  roads,  peaks,  saddle- 
points,  and  intersections. 

• Compass  Error:  Compass  readings  are  subject  to  errors  due  to 

alignment,  sighting,  and  reading  errors.  An  additional  error 
source  is  in  the  estimation  of  magnetic  north  with  respect  to 
grid  north.  It  is  estimated  that  the  confined  effects  of 
such  errors  amounts  to  + 2°  error. 

• Linear  Measurement  Error:  All  distances  recorded  on  a map  are 

given  for  a grid  plane  (of  zero  altitude)  normal  to  any  given 
elevation.  The  experiment,  however,  was  conducted  around 
sloDing,  hilly  areas.  Thus,  the  measured  distance  between 

the  observer  and  target  is  the  sloping  surface  ("slant") 
distance,  and  will  be  in  error  as  a function  of  the  distance  and 
the  difference  in  elevation  between  them.  An  approximation 
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of  this  type  of  error  is  given  by  Cos  (o),  where 

Is  the  error  in  the  distance  measurement,  D^  Is  the  actual 
measured  distance,  and  o Is  the  angle  of  elevation  between 
observer  and  the  target. 

• Vegetation:  As  stated  earlier,  the  Intent  of  the  experiment  was 
to  validate  the  SIAF  model  using  line  of  sight  verdicts  with 
respect  to  macro-relief  only.  The  effects  of  vegetation  on 
line  of  sight  were  ignored.  However,  the  presence  of  grass, 
sometimes  several  feet  in  height,  could  have  introduced  error 
into  the  measurements.  This  type  of  error  is  dependent  on  the 
density  and  height  of  the  grass.  The  distance  at  which  the 
line  of  sight  is  lost  tends  to  be  less  in  the  presence  of  grass 
than  otherwise.  The  effect  of  this  error  was  minimized  by  choosing 
observer  locations  having  very  little  vegetation  (grass  having 
negligible  height)  whenever  possible. 

8.3  ELEMENTS  OF  SIAF  MOOEL  USED  IN  VALIDATION 

8.3.1  Mathematical  Representation  at  Macro-Relief  in  SIAF  Model 

The  5IAF  model  utilizes  a grid  concept  to  describe  macro-relief. 

Within  each  grid  square  a continuous  surface  is  mathematically  represented 
by  a quadratic  surface  weighting  all  four  comer  elevation  points.  A j 

region  under  consideration  is  assumed  to  be  sufficiently  small,  so  that 
effects  due  to  earth's  curvature  are  neglected,  (i.e.,  a flat  earth  j 

assumption  is  made,  allowing  use  to  use  surface  altitudes  given  by 
topographical  maps).  At  each  grid  point,  the  earth's  surface  Is  speci- 
fied by  its  altitude.  Altitude  data  is  available  for  grid  resolutions 
as  fine  as  12.7  meters.  The  surface  at  nongrid  points  are  determined  i 

as  a weighted  average  of  the  four  altitudes  at  the  corner  points  of 
the  grid  square  in  which  the  point  lies. 

Consider  Figure  8.5.  Grid  lines  are  defined  by 
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where  ax  and  ay  are  grid  square  dimensions.  The  j,  rectangle  is 
bounded  by  the  grid  lines  (x*Xj,  y^^*  *"xjVv  y**k+^‘  The  surface 
within  the  j,  kth  grid  square,  as  shown  In  Figure  8.5,  Is  determined 
In  the  following  manner  where  2^k,  z^k+1,  kand  Zj+1  k+1  are  the 
Input 


th 


Figure  8.5,  Surface  Within  j,k 
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altitudes  of  the  four  comer  points: 


Altitudo  on  Lino  A6:  *,(.)  ■[  k t*j*j .k-*j.k»] 

Altitude  on  Lino  CO:  *,.,(«)  ■ [ 


Altitude  on  Line  EF  (weighted  average): 


8.3.2  SIAF  Subroutines  Used 

The  subroutine  LOSVEG  is  responsible  for  the  line  of  sight  calcula- 
tions in  the  SIAF  model.  This  subroutine  Is  called  by  the  subroutine 
DETERR.  DETERR  calculates  Intervisibility  between  any  pair  of  points  on 
the  terrain  for  prone  and  upright  positions  of  both  the  observer  and 
the  target.  This  Intervlslblllty  Is  characterized  in  terms  of  line  of 
sight  obstructions  and  various  probabilities  of  cover  and  concealment. 

Cover  and  concealment  are  provided  by  micro-relief  features  and  vegetation. 
Since  the  purpose  of  the  field  experiment  was  to  consider  macro-relief 
only,  the  line  of  sight  experiments  were  performed  In  areas  characterized 
by  little  or  negligible  amounts  of  micro-relief  objects  and  vegetation. 

Thus  the  effects  of  cover  and  concealment  on  Intervisibility  are  neglected 
in  the  simulation,  and  DETERR  was  modified  to  do  this.  Furthermore,  for 
each  pair  of  points  on  the  terrain  locating  the  observer  and  target,  four 
lines  of  sight  are  considered  by  the  subroutine  DETERR. 

1)  "Head  to  head",  l.e.,  observer  and  observed  both  upright. 

2)  "Head  to  foot",  i.e.,  observer  upright  and  observed  prone. 

3)  "Foot  to  head",  i.e.,  observer  prone  and  observed  upright. 

4)  "Foot  to  foot",  i.e.,  observer  and  observed  both  prone. 
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Since  the  field  experiments  considered  only  "head  to  head"  lines  of  sight. 
DETERR  was  modified  such  that  the  simulation  considered  only  that  case. 

The  primary  purpose  of  L0SVE6  is  to  determine  If  the  line  of  sight 
between  an  observer  and  target  Is  obstructed  by  the  Intervening  land 
surface  (macro-relief).  It  accomplishes  this  by  projecting  the  line  of 
sight  onto  a grid  plane  (of  zero  altitude).  Every  intersection  of  the 
line  of  sight  with  horizontal  and  vertical  grid  crossings  partitions  the 
line  of  sight  Into  segments.  The  subroutine  checks  for  line  of  sight 
interruptions  within  or  at  the  end-point  of  a given  segment.  This  is 
done  segment  by  segment,  beginning  with  the  segment  containing  the 
observer's  position,  until  the  line  of  sight  is  interrupted.  If  no 
interruption  occurs  the  fraction  of  target  height  and  the  fraction  of 
observer  height  covered  by  macro- relief  is  calculated;  the  routine  continues 
on  to  compute  cumulative  distance  through  vegetation.  It  checks  to  see 
whether  the  cumulative  distances  through  certain  vegetation  feature  types 
is  great  enough  to  cause  concealment  of  the  target.  This  cumulative 
vegetation  check,  however,  is  of  no  concern  to  this  test. 

Detailed  documentation  ana  flow  charts  of  LOSVEG  and  OETERR  can 
be  found  In  Volumes  II  and  V respectively  of  the  SIAF  Users  Manual. 

8.4  COMPUTER  SIMULATION  OF  FIELD  TEST 

The  subroutines  discussed  above  were  modified  and  Inserted  into  a 
program  designed  to  simulate  the  line  of  sight  experiments  conducted  at 
Hunter  Liggett.  The  program  considers  only  macro-relief  features;  it  also 
takes  into  account  several  of  the  error  sources  which  were  Inherent  In 
the  field  experiments. 

8.4.1  Simulation  Methodology 

The  basic  simulation  procedure  tries  to  model  the  actual  experi- 
mental procedure  conducted  in  the  field.  A given  observer’s  position 
(grid  coordinates  on  a topographic  map)  is  determined  as  accurately 
as  possible.  Based  on  this  determination,  the  program  reads  in  all 
the  elevation  data  in  a square  area  centered  about  this  point.  The 
area  is  444.5  grid  points  (using  12.7  meter  resolution). 
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As  In  the  actual  experiments,  the  target  Is  programmed  to  move  away 
from  the  observer  In  a fixed  direction.  The  target  steps  off  increments 
of  3.175  meters  away  from  observer.  Every  step  increment  initiates  a 
call  to  subroutine  OETERR,  which  in  turn,  calls  LOSVEG  to  determine  if 
a "head-to-head"  line  of  sight  exists.  If  it  does  the  target  takes 
another  step  of  3.175  meters  away  from  the  observer.  The  line  of  sight 
routine  is  called  again.  The  procedure  is  repeated  as  long  as  the  line 
of  sight  exists.  This  continues  until  either  the  line  of  sight  no  longer 
exists  due  to  macro-relief  obstruction,  or  the  target  has  stepped  off 
so  many  increments  away  from  the  observer  that  elevation  data  Is  no  longer 
available  for  line  of  sight  calculations.  In  the  latter  case,  the  distance 
between  the  observer  and  the  target  for  which  line  of  sight  remains 
uninterrupted  by  macro-relief  Is  considered  to  be  unlimited. 

Once  the  line  of  sight  Is  obstructed,  the  target  Is  programmed  to 
move  towards  the  observer.  The  step  Increment  Is  reduced  by  half  to 
1.5875  meters.  Again,  each  step  increment  initiates  a call  to  the 
appropriate  subroutines  giving  a line  of  sight  verdict.  The  target  is 
programed  to  continue  the  inward  movement  until  an  uninterrupted  line 
of  sight  is  established  again.  As  soon  as  the  line  of  sight  has  been 
re-established,  the  target  begins  moving  away  from  the  observer  once  more. 
Now  the  step  increments  are  made  smaller  (1.5875*2).  As  before,  each 
step  gives  rise  to  a line  of  sight  verdict.  The  target  continues  moving 
away  from  the  observer  until  the  line  of  sight  is  Interrupted  by  macro- 
relief again.  At  this  Instance,  the  range  between  the  observer  and 
target  is  recorded.  In  addition,  the  ranges  between  the  observer  and  the 
line  of  sight  intersections  with  grid  crossings  are  recorded.  These 
distances  are  needed  to  form  an  approximation  of  the  actual  surface 
between  the  observer  and  target.  In  short  the  simulation  obtains  data  to 
approximate  the  surface  distance  by  pinpointing  the  target's  exact  location 
(in  a forward  and  backward  manner)  at  the  Instant  of  line  of  sight 
obstruction. 

The  surface  distance  approximation  Is  required  because  LOSVEG  projects 
all  lines  of  sight  onto  a grid  plane  of  zero  altitude,  and  computes  all 
distances  on  this  plane.  Naturally,  for  extremely  undulating  relief,  the 
linear  range  computed  would  be  a poor  approximation  of  the  actual  surface 


20660-S002-RC-00 
Page  8-12 

Revised  December  1973 

distance  measured  at  Hunter  Liggett.  Figure  8.6  Illustrates  the  estimation 
procedure.  The  distance  between  two  successive  grid  crossings  Is  computed. 
This  Is  done  for  the  0th  grid  line  by  subtracting  D(C)  from  D(C*1).  The 
elevations  at  points  where  the  line  of  sight  Intersect  the  two  grid 
crossings  are  computed  also  (ZZZ(C*1),  and  ZZZ(C)).  The  difference  In 
elevation  at  these  two  points  can  be  computed  by  subtracting  ZZZ(C)  from 
ZZZ(C*1).  The  surface  distance  from  the  C**1  line  Is  the  length  of  the 
hypotenuse  of  the  right  triangle  having  sides  |D(C+1)-D(C)|  and 
jZZZ(C+l )-ZZZ(C)| . The  estimation  procedure  Is  repeated  for  all  grid 
squares  having  Intersections  with  the  line  of  sight;  the  results  are 
sieved  to  produce  the  surface  distance  from  observer  to  target. 

8.4.2  A Measure  for  Evaluating  Validity 

A comparison  Is  made  between  the  actual  surface  distance  measured 
in  the  field  and  the  estimated  surface  distance  produced  by  the  simulation. 
The  absolute  value  of  the  difference  between  the  actual  and  simulated 
surface  distances  Is  computed.  This  difference  provides  a measure  for 
evaluating  the  credibility  of: 

1)  the  line  of  sight  calculations  and 

2)  the  mathematical  representation  of  macro-relief. 

Specifically,  a difference  that  approaches  zero  Indicates  that  the 
simulation  is  producing  reasonable  results.  However,  a very  small 
difference,  or  a difference  of  zero  should  not  be  interpreted  as 
evidence  of  complete  validity.  It  merely  reflects  that  the  line  of 
sight  algorithm,  and  the  mathematical  model  for  relief  give  reasonable 
estimates  of  the  true  situation. 

8.4.3  Error  Adjustments 

Recall  that  the  raw  data  from  the  field  experiments  was  subject  to 
four  basic  types  of  error.  One  such  error  Involved  Inaccuracies  in  pin- 
pointing the  exact  location  of  the  observer  on  a topographical  map. 

A pencil  point  on  a map  of  scale  1:50000  , can  be  in  error  by  as  much  as 
20  meters.  Furthermore,  the  exact  location  of  the  target  Is  In  doubt,  not 
only  due  to  the  uncertainties  in  the  observer's  location,  but  due  to 
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compass  errors.  The  computer  simulation  attempts  to  correct  such  errors 
by: 

1)  considering  a set  of  observer  locations;  and 

2)  slightly  perturbing  the  angle  of  direction  which  locates 
the  target  relative  to  the  observer. 

Instead  of  Investigating  one  possible  observer  location,  the  simula- 
tion considers  a set  of  possible  locations.  Thirty-six  equally  spaced 
points  within  a 12.7  by  12.7  square  area  are  analyzed.  Each  point  Is  2.54 
meters  apart.  Thus,  the  input  for  "observer  location"  is  not  given  by  a pair 
of  coordinates  denoting  a single  point;  It  Is  given  by  a small  grid  area 
enclosing  the  most  likely  observer  location.  See  Figure  8.7.  This  technique 
removes  the  guesswork  involved  with  measuring  map  coordinates  (by  hand  with  a 
ruler),  and  places  more  emphasis  on  locating  the  observer's  position  relative 
to  his  Immediate  macro-relief  environment. 

At  every  observer  location  at  Hunter  Liggett,  line  of  sight  data  was 
gathered  In  several  different  directions.  The  recorded  angle  (relative 
to  magnetic  north),  for  a given  direction  will  be  designated  the  “base 
angle."  This  angle  contains  small  uncertainties  due  to  compass  reading 
errors.  The  simulation  attempts  to  eliminate  these  uncertainties  by 
perturbing  the  base  angle  slightly  (+1°  and  +2°).  Thus,  five  different 
line  of  sight  determinations  are  performed  for  a given  direction: 

1)  the  base  angle  determination; 

2)  base  angle  +2°; 

3)  base  angle  +1°; 

4)  base  angle  -1°;  and 

5)  base  angle  -2°. 

In  each  case,  the  absolute  value  of  the  difference  between  actual  and 
simulated  surface  distance  is  computed.  The  angle  resulting  In  the 
smallest  difference  is  chosen  as  the  new  "base  angle"  for  that  given 
direction.  The  same  procedure  is  applied  to  each  of  the  several  other 
directions  recorded  at  the  experiment  site. 

In  most  instances,  the  simulation  examined  only  three  recorded 
directions  at  each  experiment  site.  These  three  directions  were  chosen 
arbitrarily,  but  remained  the  same  for  each  of  the  thirty-six  points  at 
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a given  location.  Computer  costs  Involved  with  examining  more  than  three 
directions  were  prohibitive:  the  simulation  considers  thirty-six  points. 
If  three  directions  are  examined,  then  fifteen  line  of  sight  experiments 
are  performed  (3x5).  Thus  there  are  36xl5«360  line  of  sight  experiments 
performed  for  one  location  at  Hunter  Liggett. 

8.4.4  Overall  Measure  of  Validity 

Recall  that  the  absolute  difference  provided  a measure  of  validity 
for  a line  of  sight  experiment  conducted  in  one  direction.  But  for 
each  point,  three  different  directions  were  analyzed.  Thus  a summary 
statistic,  measuring  the  accuracy  of  line  of  sight  calculations  for  all 
three  directions,  was  needed. 

The  root  mean  square  of  the  difference  In  each  direction  was  chosen 
to  measure  the  accuracy  of  all  line  of  sight  calculations  at  a given 
point.  Specifically,  the  quantity  measuring  overall  validity  for 
line  of  sight  calculations  In  all  directions  is  given  by: 


ii 

{Da(I)-D(.(I)}2,  where  DA( I ) is  the  actual 


surface  distance  in  the  I1"  direction,  Dr(I)  is  calculated  surface 
th 

distance  in  the  I direction,  and  N is  the  number  of  directions 
analyzed  (N»3  in  this  simulation).  Thus  every  one  of  the  thirty-six 
possible  points  under  consideration  has  associated  with  it,  a root  mean 
square  difference.  This  number  reflects  the  accuracy  of  the  simulation 
experiments  at  each  of  these  points.  The  location  of  the  point  having  the 
least  root  mean  square  difference  Is  chosen  to  represent  the  actual 
position  of  the  observer  In  the  field  experiment. 

8.4.5  Simulation  Using  Different  Resolutions 

The  simulations  were  conducted  using  three  grid  size  resolutions. 

The  initial  simulation  was  done  with  elevation  data  available  at  grid 
points  12.7  meters  apart.  This  was  the  finest  resolution  of  elevation 
data  available;  hence  this  resolution  was  used  to  locate  the  actual 
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positions  of  the  observer  at  the  experiment  sites.  Having  established 
these  locations,  the  simulation  was  performed  using  coarser  resolution: 
elevation  data  points  25.4  and  50.8  meters  apart  respectively.  The 
simulation  procedure  using  cruder  resolution  Is  exactly  the  same  as 
described  above,  except  that  It  no  longer  examines  the  set  of  thirty-six 
possible  points  for  an  actual  location  (it  uses  the  actual  locations  derived 
from  the  Initial  simulation,  thus  avoiding  a great  deal  of  processing). 

8.5  ANALYSIS  OF  SIMULATION  RESULTS. 

The  root  mean  square  (of  differences  between  actual  and  simulated 
surface  distance  In  all  line  of  sight  directions  examined  for  a given 
experiment  site  at  Hunter  Liggett)  provides  a measure  for  evaluating  the 
validity  of  the  line  of  sight  routines  and  macro-relief  representation. 
Figure  8.8  gives  these  measures  for  all  nine  Hunter  Liggett  experiment 
sites,  at  the  various  resolutions  used  In  the  simulation.  Figure  8.9 
presents  the  simulation  results  broken  down  Into  Individual  line  of  sight 
experiments.  The  overall  root  mean  square  difference  Is  given  on  this 
figure  also. 

As  Figure  8.8  Indicates,  the  simulation  performed  under  12.7  meter 
resolution  produce  very  credible  results.  The  results  using  25.4  and 
50.8  meter  resolution  are  credible,  but  not  as  sharp.  The  reason  for 
this  Is  that  the  line  of  sight  Interruption  distances  measured  are 
relatively  short  (l.e.,  with  respect  to  the  length  of  the  side  of  the 
grid  squares).  Many  of  the  line  of  sight  obstruction  distances  measured 
at  Hunter  Liggett  were  less  than  100  meters  in  length.  These  short 
distances  do  not  affect  the  simulation  when  the  resolution  is  very  fine 
(l.e.,  12.7  meter  resolution),  but  as  the  resolution  becomes  coarser, 
the  simulation  results  are  more  Inaccurate.  It  must  be  stressed  that 
this  happens  only  when  simulation  is  attempted  over  very  short  lines  of 
sight  using  very  coarse  resolution.  The  inaccuracies  appear  in  the  form 
of  large  root  mean  square  differences.  Coarse  resolution  should  be  used 
In  line  of  sight  determinations  when  the  observer  and  target  are  over 
200  meters  away. 
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* UNLIMITED  LINE  OF  SIGHT  (I.e.,  TARGET  HAS  STEPPED  OFF  SO  MANY  INCREMENTS  FROM 
OBSERVER  THAT  ELEVATION  DATA  IS  NO  LONGER  AVAILABLE  FOR  LOS  CALCULATIONS).  FIGURE 
8.10  ILLUSTRATES  HOW  THIS  CAN  HAPPEN. 


FIGURE  8.8  ROOT  MEAN  SQUARE  ERROR  AT  DIFFERENT  RESOLUTIONS 
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•Unlimited  line  of  sight  (l.e.,  target  has  stepped  off  so  many  Increments  from 
observer  that  elevation  data  Is  no  longer  available  for  LOS  calculations). 
Figure  8.10  Illustrates  how  this  can  happen. 

Error  » 0^(1)-0^(I)  where  Dj(I)  Is  the  calculated  surface  distance  In  the  Ith 
direction  and  0.(1)  Is  the  actual  measured  surface  distance  In  the  1th 
direction. 


Figure  8.9,  Detailed  Staulettofl  ftesults  (Sheet  2) 
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Figure  8.10  demonstrates  what  can  happen  when  line  of  sight  calcula- 
tions are  conducted  over  a short  distance  using  various  resolutions.  An 
observer  and  target,  both  of  height  1.8  meters,  stand  12  meters  apart. 
Macro-relief  described  with  12.7  meter  resolution  Indicates  a line  of  sight 
Interruption  at  approximately  6.7  meters  from  the  observer.  However,  no 
ruch  line  of  sight  interruption  occurs  when  describing  macro-relief  with 
25.4  or  50.8  meter  resolution.  The  figure  shows  that  the  hump  at  about 

6.7  meters  from  the  observer  Is  not  modeled  when  describing  macro-relief 
using  the  cruder  resolutions.  This  explains  why  some  of  the  root  mean 
square  differences  are  so  large  when  the  simulation  was  run  using  25.4 
and  50.8  resolution  (recall  that  the  target  keeps  moving  away  from  the 
observer  until  a verdict  of  obstruction  Is  given). 

The  simulation  results  particularly  those  obtained  when  using  the 

12.7  meter  resolution  demonstrate  that  the  SIAF  line  of  sight  routine  and 
the  SIAF  representation  of  macro-relief  are  "reasonable".  Furthermore, 
line  of  sight  calculations  are  sensitive  to  resolution  when  the  distance 
between  observer  and  target  is  small  (l.e.,  less  than  100  meters).  For 
the  reason,  the  SIAF  concept  of  switching  resolution  (using  less  resolution 
in  the  Reconnaissance  Mode  when  long  distances  are  involved;  and  finer 
resolution  In  the  Combat  Mode  when  shorter  distances  are  involed,  and 

more  detailed  computation  are  required)  appears  well  founded. 

8.6  SUMMARY 

Line  of  sight  data  was  collected  at  nine  different  locations  at  the 
Hunter  Liggett  Military  Reservation.  At  each  location,  line  of  sight 
experiments  were  conducted  In  several  different  directions.  Inherent 
errors  in  compass  reading  and  in  locating  positions  on  a topographical 
map  required  the  simulation  to  consider  a set  of  possible  locations  and 
to  vary  the  directions  between  observer  and  target.  The  initial  simu- 
lation examines  a set  of  thirty-six  equally  spaced  (2.54  meters  apart)  Doints 
enclosed  in  a 12.7  by  12.7  meter  grid  square.  Each  of  the  thirty-six 
points  are  analyzed  as  follows.  Three  arbitrary  experimental  directions 
were  chosen.  Each  direction  is  perturbed  by  +1°  and  +2°,  so  that  five 
line  of  sight  verdicts  are  obtained.  The  verdict  which  offers  the  minimum 
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difference  between  actual  and  computed  surface  distance  determines  the 
base  angle  for  that  direction.  Thus  each  direction  has  associated  with  It, 
a measure  of  how  accurate  the  simulation  was.  The  root  mean  square  of 
these  Individual  differences  gives  an  over  measure  of  how  accurate  the 
simulation  of  the  field  experiment  was  at  that  point.  The  root  mean 
square  difference  is  given  by: 


V i*i 

Fi 

where  DA(I)  is  the  actual  surface  distance,  0^(1)  is  the  computed  surface 
distance,  and  N Is  the  number  of  directions  analyzed. 

The  initial  simulation  examines  thirty-six  possible  points  for  a 
given  experiment  location,  thus  producing  thirty-six  root  mean  square 
differences.  The  location  of  the  point  having  smallest  root  mean  square 
is  considered  the  site  where  the  line  of  sight  experiment  actually  took 
place.  All  nine  experiment  sites  at  Hunter  Liggett  were  determined  by 
the  above  procedure. 

The  simulation  was  repeated  using  resolutions  of  25.4  and  50.8meters. 

The  same  procedure  was  applied,  except  the  observer  positions  are  inputted 
(from  initial  simulation)  instead  of  calculated. 

The  results  of  the  simulation  demonstrate  that  the  SIAF  line  of 
sight  calculations  and  the  SIAF  model  of  macro-relief  are  valid.  Also, 
when  the  distance  between  observer  and  target  is  small  (l.e.,  less  than 
100  meters),  the  line  of  sight  calculations  are  dependent  on  resolution. 

8.7  COMPARISON  WITH  ASARS  BATTLE  MODEL 

Macro-relief  models  usually  employ  a grid  square  concept  in  which 
elevation  data  is  known  at  four  corners  of  each  grid.  The  elevation  at  points 
lying  between  these  data  points  are  represented  by  an  interpolated  value 
using  the  known  data  points.  Different  methods  are  used  to  obtain  these 
interpolated  values.  As  mentioned  before,  the  STAF  model  uses  a continuous 
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surface  representation  within  a grid  square  based  on  the  four  surrounding  grid 
points.  A less  complex  method  uses  two  intersecting  triangular  planes  within 
a grid  square  to  obtain  Interpolated  values.  This  scheme  Is  used  In  the  ASARS 
model.  The  simulation  experiment  was  done  utilizing  both  representations 
of  macro-relief;  the  results  were  compared. 

8.7.1  ASARS  Methodology 

ASARS  macro-relief  is  modeled  by  specifying  two  triangular  planes  within 
a grid  square.  The  planes  are  defined  by  specifying  a diagonal  within  the 
grid  square  (a  positive  diagonal  if  it  connects  the  lower  left  comer  with 
the  upper  right  comer;  a negative  diagonal  If  it  connects  the  upper  left 
comer  with  the  lower  right  corner).  The  orientation  of  the  diagonal  is  the 
same  for  all  grid  squares  under  consideration.  Positive  diagonals  were  used 
in  the  simulation. 

The  line  of  sight  subroutine  In  the  ASARS  model  Is  basically  a series  of 
comparisons.  The  line  of  sight  between  the  observer  and  the  target  is  pro- 
jected onto  a grid  plane  (of  zero  altitude)  and  partitioned  Into  a set  of 
segments.  The  endpoints  of  these  segments  are  defined  by  the  intersection 
of  the  line  of  sight  with  horizontal  and  vertical  grid  crossings  and  with 
diagonals.  Initially,  the  horizontal  distance  between  observer  and  target, 
and  the  vertical  difference  In  elevation  between  the  top  of  the  observer 
and  the  top  of  the  target  are  computed.  These  quantities  are  used  to  compute 
the  tangent  of  the  angle  subtended  by  the  line  of  sight  and  a horizontal 
line  parallel  to  the  grid  plane  at  the  top  of  the  observer.  This  tangent 
value  Is  designated  "TANLIM". 

The  line  of  sight  routine  proceeds  as  follows:  the  elevation  of  the 

ground  surface  at  an  endpoint  of  a segment  Is  referenced.  The  horizontal 
range  from  the  observer  to  the  endpoint  Is  computed.  These  quantities  are 
used  to  compute  the  tangent  of  the  angle  subtended  by  the  line  extending 
from  the  top  of  the  observer  to  the  ground  surface  at  that  endpoint,  and  the 
horizontal  line  parallel  to  the  grid  plane  at  the  observer's  height.  Call 
this  quantity  "TAN".  Figure  8.12  illustrates  the  above  procedure.  A 
comparison  Is  made  between  TANLIM  and  TAN,  to  determine  the  line  of  sight 
verdict:  If  TAN  is  greater  than  or  equal  to  TANLIM,  the  line  of  sight  is 

interrupted  at  that  endpoint.  Otherwise,  the  line  of  sight  exists  and  the 
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procedure  Is  repeated  at  the  next  endpoint. 

The  above  procedure  starts  at  the  observer  position  and  continues 
toward  the  target,  until  line  of  sight  Interruption  occurs.  If  no  Inter- 
ruption occurs,  the  fraction  of  target  height  covered  by  Intervening  macro- 
relief  Is  computed. 

The  ASARS  method  of  representing  macro-relief  along  with  the  ASARS  line 
of  sight  routine  were  Inserted  Into  the  simulation  program.  Appropriate 
minor  modifications  In  the  simulation  program  were  made  to  accommodate  the 
change.  Otherwise,  the  exact  methodology  used  in  the  SIAF  macro-relief 
simulation  was  followed  for  the  ASARS  simulation. 

8.7.2  Comparison 

The  simulation  results  using  the  ASARS  macro-relief  model  did  not  compare 
as  well  as  those  of  the  SIAF  simulation.  The  ASARS  simulation  produced  credible 
results  at  12.7  meters  resolution.  As  figure  8.11  Indicates,  the  SIAF 
results  at  this  resolution  were  generally  better  than  those  returned  by 
the  ASARS  method  (though  in  some  Instances  the  ASARS  method  gave  better 
approximations).  At  coarser  resolutions  (25.4  and  50.8  meters),  the  SIAF 
results  were  significantly  better.  In  almost  every  instance,  the  SIAF 
simulation  gave  smaller  errors,  and  thus  smaller  root  mean  square  differences. 
Also,  the  ASARS  simulation  produced  more  Instances  where  erroneous  "unlimited" 
lines  of  sight  were  given  (see  figure  8. 1C  for  explanation). 

The  large  root  mean  square  differences  at  the  coarser  resolutions  may  be 
attributed  to  the  less  accurate  scheme  for  approximating  macro-relief. 
Intepolated  values  In  the  SIAF  model  use  data  from  all  four  surrounding  grid 
points,  whereas  the  ASARS  model  use  only  three  of  the  four  data  points 
available.  In  addition,  the  ASARS  relief  model  has  the  disadvantage  that 
the  choice  of  which  grid  square  diagonal  to  use  In  forming  the  two  triangular 
planes  must  be  held  constant  throughout  the  entire  grldded  area  under 
consideration.  This  disadvantage  results  in  a loss  of  realism  (this  method 
does  not  give  a unique  representation  of  relief).  A situation  depicted 
in  figure  8.13  Illustrates  this  disadvantage.  In  both  case  1 and  case  2, 
the  same  set  of  four  data  points  Is  Input.  Suppose  case  2 Is  the  desired 
approximation  (ridge),  but  because  positive  diagonals  (lower  left  comer  to 
upper  right  comer)  was  the  established  choice  of  diagonal  orientation,  we 
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obtained  an  Inaccurate  representation  (ravine).  Clearly,  the  two  surfaces 
resulting  are  quite  different  depending  on  the  choice  of  diagonals.  Thus, 

In  comparison,  It  appears  that  the  two- triangular-plane  method  of  ASARS 
requires  a smaller  grid  size  to  represent  macro-rrllef  to  the  same  resolution 
as  the  four-point  continuous  surface  scheme  of  SIAF. 
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APPENDICES 

Included  herein  are  Appendix  A,  Block  Data  Generator  Program  and 
Appendix  B,  Specification  Statement  Punch  Program  (SPECPN)  User's  Guide. 

These  Appendices  describe  two  computer  programs  which  were  originally 
written  for  the  IBM  7094.  These  programs  have  recently  been  modified  to 
run  on  the  IBM  360,  and  In  the  process  an  additional  change  has  been  made. 

The  main  external  difference  In  the  programs  Is  that  BLKGEN  no  longer 
punches  a BLOCK  DATA  subprogram  which  must  be  Input  to  SPECPN.  The 
necessary  information  is  written  on  tape  and  Is  read  back  directly  Into 
the  necessary  COMMON  blocks  for  SPECPN.  This  eliminates  the  need  for  two 
separate  passes  through  the  machine,  since  the  two  programs  can  be  run  as  one 
single  program.  They  can,  however,  be  run  as  separate  phases  If  necessary, 
using  a previously  generated  tape  as  input  to  SPECPN. 

The  conversion  to  the  360  was  handled  In  this  manner  for  several 
reasons: 

1.  It  eliminated  the  need  for  unnecessary  card 
handling  associated  with  a punched  BLOCK  DATA. 

2.  It  eliminated  the  need  for  two  separate  passes 
through  the  machine,  since  there  Is  no  need  to 
compile  a BLOCK  DATA  subprogram,  and  thus 
improved  turnaround. 

3.  It  improved  the  running  time  of  the  program  by 
eliminating  the  punching  of  the  BLOCK  DATA. 

The  inputs  to  both  BLKGEN  and  SPECPN  remain  unchanged  from  those 
described  in  Appendix  A and  Appendix  B.  The  360  version  can  thus  be  run 
using  existing  decks  with  no  modifications.  However,  since  the  programs 
have  been  combined  utilizing  a short  driver,  an  additional  control  card  is 
necessary  to  specify  whether  BLKGEN,  SPECPN,  or  both  are  to  be  executed. 

This  control  card  must  precede  all  other  data.  Card  column  1 Is  punched 
non-zero  if  it  is  desired  to  execute  BLKGEN;  card  column  2 is  punched 
non-zero  if  it  Is  desired  to  execute  SPECPN. 
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The  appropriate  coluam  is  punched  zero  or  left  blank  if  it  Is  desired 
to  skip  execution  of  either  program.  The  standard  input  decks  follow  this 
card,  with  no  separation  between  BLKGEN  and  SPECPft  inputs,  if  both  are 
bein';  run.  The  output  will  be  identical  to  that  of  the  7094  version,  with 
the  exception  of  a punched  BLOCK  DATA. 
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APPENDIX  A 

BLOCK  DATA  GENERATOR  PROGRAM 
(BLKGEN) 

User's  Guide 
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I.  History; 

Because  many  large  programs  use  COMM  quite  extensively,  it  has 
become  a cannon  practice  to  set  up  all  the  variables  of  a program, 
equate  them  to  block*,  and  put  all  the  blocks  in  a COMMON  array.  In 
order  to  use  the  variables  in  a subroutine,  one  would  have  to  write 
COMMON,  DIMENSION,  and  EQUIVALENCE  cards  for  each  variable.  It  soon 
became  apparent  that  it  would  be  desirable  to  be  able  to  generate  these 
COMMON,  DIMENSION,  and  EQUIVALENCE  statements  by  scam  external  means. 

The  Specification  Statement  Punch  Program  (SPECPN)l  fulfills  this  desira 
bility,  but  it  requires  a rather  complicated  BLOCK  DATA  sub-program 
to  be  written  by  the  user  to  describe  all  the  variables  in  COMMON. 

The  BIKGEN  program  was  written  to  generate  this  BLOCK  DATA 
3ub-program  from  input  cards  which  are  easily  written  and  changed. 

The  combination  of  the  BLXGEN  and  SPECPN  programs  allow  an  easy  way 
to  create  and  update  a master  COMMON  of  blocks  and  variables.  By 
'■& inc  these  two  programs,  it  should  be  fairly  easy  for  one  to  generate 
the  COMMON,  DIMENSION,  and  EQUIVALENCE  cards  for  each  subroutine. 
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II.  Uaaae: 


For  a picture  of  tha  organisation  and  the  usage  of  the  BLKGEN  and 
SPBCPN  programs,  look  at  Section  V.  It  can  be  seen  that  the  usage 
of  the  two  programs  requires  two  passes  on  the  computer.  On  the  first 
pass,  the  master  input  cards  are  input  to  the  BLKGEN  program.  The 
output  of  the  BLKGEN  program  is  the  BLOCK  DATA  sub-program  punched 
on  cards.  The  BLOCK  DATA  sub-program  is  input  with  the  variable  names 
for  each  subroutine  to  the  SPECPN  program  on  the  second  pa3s.  The 
second  pass  output  are  the  COMMON,  DIMENSION,  and  EQUIVALENCE  cards  which 
are  directly  placed  into  the  respective  subroutines. 

Since  the  specific  usage  of  the  SPECPN  program  is  given  in  the 
SPECPN  User's  Guide,  the  only  additional  required  information  is  the 
format  of  the  input  cards  to  the  BLKGEN  program.  There  are  nine 
different  cards  accepted  as  input  to  the  BLKGEN  program,  and  each  is 
described  below: 

1.  IDENT  Card: 

The  IDENT  card  is  always  the  first  card  input  to  a run.  .The 
word  IDENT  starts  in  c.c.  1 and  the  number  of  cards  that  are 
to  follow  the  IDENT  card  to  describe  the  Job  is  punched  in 
c.c.  30.  If  c.c.  30  contains  a 3,  then  there  are  three  cards 
which  contain  information  describing  a run. 

Example:  ^1“*' 

c.c.  1 to  , c.c.  30 

w 

IDENT  ^ 0 1 

THIS  IS  A SAMPLE  RUN 

The  information  punched  on  the  card(s)  following  IDENT  appears 
as  comments  in  the  BLOCK  DATA  program  generated  by  BLKGEN. 

Columns  1-71  may  be  used  for  the  comments  cards. 

2.  PROGRAMMER  Card: 

The  PROGRAMMER  card  simply  contains  identification  information 
concerning  the  programmer,  and  it  is  always  the  second  control 
card  in  a run  following  IDENT  and  the  consent  cards  specified 
by  IDENT.  The  word  PRXRAMMER  starts  in  c.c.  1,  and  the 
programed s name  follows  immediately  after  (one  space  is 
skipped).  Up  to  24  characters  may  be  used  for  the  PROGRAMMER 
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Example : 
c.e.  1 


PROGRAMMER 


e.e.  12 


J.  Gerry  Purdy 


DATS  Card; 

The  DATE  card  must  always  be  the  third  control  card  in  any 
run.  The  word  DATE  starts  in  c.c.  1,  followed  by  a blank, 
followed  by  the  date. 


Example: 
c.c.  1 


c.c.  ^ 


DATE  November,  1966 

Following  the  IDENT,  PRXRAKKER,  ar.d  DATE  control  cards  are 
the  cards  which  actually  describe  the  COMMON  blocks  of  die  user '3 
program.  Each  COMMON  block  is  described  separately  in  the 
following  way: 

a)  The  actual  cards  which  define  the  COMMON  block  of 
interest  are  presented  to  BLKCEN. 

b)  Each  master  variable  name  of  interest  from  the  abov--. 
defined  COMMON  block  is  denoted  followed  by  a series 
of  control  cards  identifying  the  variables  within  the 
master  variable,  their  dimension,  and  their  relative 
position  within  the  block. 

c)  After  all  master  variables  have  been  described  a signal 
is  given  (ENDCOM ) and  the  next  COMMON  block  is  defined. 
Following  the  last  COMMON  block  definition  a signal  i3 
given  (ENDJOB)  terminating  the  job.  Each  control  card 
will  now  be  described. 

COMMON  Card: 


The  COMMON  control  card  must  be  the  first  card  of  each  COMMON 
set.  The  number  of  cards  that  are  to  follow  is  placed  in  c.c.  30. 
What  follows  is  the  card  or  cards  which  define  the  COMMON  block 
exactly  as  they  would  be  punched  for  the  user's  program. 


Vi 
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c.e.  1 e.e.  30 

COMO*  2 

CCMJ0NASTR/BLK(5O),  B(6), 

I c 

In  this  example  beards  are  used  to  define  the  COMMON  block 
VSTR.  BLKGEJJ  constructs  a card  image  of  these  COMMON  state- 
ments and  places  it  in  the  FMT  array  in  the  output  BLOCK 
DATA  cards  for  processing  by  SPECPN. 

Only  1 COMMON  block  name  (e.g.  VSTR)  may  be  defined  per  use 
of  COMMON.  Subsequent  COMMON  entries  would  be  used  if  the 
user  has  more  than  1 COMMON  block  in  his  program.  Blank  or 
labeled  COMMON  blocks  are  acceptable.  A maximum  of  9 
cards  may  be  used  for  each  COMMON  block  definition. 

5.  M Card; 

The  M card  identifies  the  block  name  under  the  current  CCKMON. 

The  M is  placed  in  c.c.  1,  the  block  name  (up  to  6 characters) 
starts  in  c.c.  10,  and  the  description  of  the  block  (up  to 
24  characters)  starts  in  c.c.  40. 

Example: 

c.c.  1 c.c.  10  c.c.  40 

M BLK1  FLOATING  C0N37A 

Sets  of  M and  subsequent  V cards  may  be  repeated  for  each  block 
in  the  current  COMMON.  The  order  in  which  the  blocks  are 
processed  from  the  COMMON  cards  is  arbitrary  and  the  descriptions 
given  starting  in  e.e.  40  are  optional. 

6.  V Card: 

The  7 card  is  the  variable  card  and  contains  information  about 
the  variable  which  is  contained  within  the  current  block.  The 
7 ie  in  c.e.  1,  tho  variable  name  (up  to  6 characters)  starts 
in  c.e.  10,  the  dimension,  if  any,  ends  in  c.c.  30,  and  the 
description  of  the  variable  (up  to  24  characters)  starts  in 
c.c.  40,  (optional).  Singly  dimensioned  variables  are  indicated 
by  placing  a "1"  or  blank  in  c.e.  30. 


1 

t 
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e.e.  40 

GM  RATIO  OF  E,  M,  S,  7,  M,  S,  J,  TO  EARTH 

7.  JUMP  Card; 

The  JUMP  card  allows  spaces  to  be  skipped  in  the  current  block 
for  perhaps  future  expansion.  The  word  JUMP  begins  in  c.c.  1 
and  the  number  of  spaces  to  be  skipped  ends  in  c.c.  30. 

Example: 

c.c.  1 c.c.  30 

JUMP  20 

The  above  card  would  cause  a "hole"  of  20  cells  to  be  made  in 
the  current  COMMON  block. 

a.  E.DCOM  Card: 

The  ENDCOM  Card  is  simply  a signal  to  the  program  that  the  current 
COMMON  block  is  finished.  The  QJDCQM  starts  in  c.c.  1. 

Example: 

c.c.  1 


c.e.  1 c.c.  10  c. 

V CGMR  10 


*.c.  30 


ENDCOM 

Following  the  ENDCOM  card  is  either  a new  COMMON  card  or  the 
ENDJOB  card. 

9-  ENDJOB  Card: 

The  ENDJOB  card  is  simply  a signal  to  the  program  that  the 
inputs  are  finished.  It  is  always  the  last  card  in  a job. 

Example: 

c.c.  1 


ENDJOB 
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On  th«  following  pages  is  s listing  of  a a— pis  set  of  input  cards 
to  the  BURGES  prograa.  No  labeled  COMfQN  was  used  in  this  ease,  although 
both  labeled  and  blank  CGtMOIf  will  work. 
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Figure  7-2,  Cross-reference  of  Cannon  Variables  (Sheet  ll) 
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Cross-reference  of  Comon  Variables  (Sheet  16) 
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SPECPN  USERS  GKIPK 


The  5PECPN  (SFF£ifi cation  statement  RuHcb)  program  was  written 
to  aid  the  FORTRAN  programmer  in  his  preparation  of  COMMON,  DIMENSION, 
and  EQUIVALENCE  statements.  It  was  designed  primarily  for  programs 
which  use  the  philosophy  of  rr.as‘er  COMMON  blocks  and  EQUIVALENCE 
variables  e.g. 

COMMOH/COlCiAM/bini  (2U>),  bi.K2  (5000) 

EQUIVALENCE  (cm  (26),  YAr.l),  (K  ’<2  (t-3),  VAH2) 

In  this  exampl e only  the  v.ariatMe  VAFtl , YAi.2  are  needed  from 
the  100  cell  block  til 7.1  and  ‘he  -Vi..  1 1 tlcck  BLK2.  Using  EQUIVALENCE 

st a* merits  to  identify  .-t.ly  t!:;e  varit: let  actually  used  in  a subroutine 
significantly  reaucts  the  •nurd  vclrjt.e  for  a subroutine  and  the  size  of 
lie  sy-rhei  table  necessary  at  ccnpil*.  time.  This  technique  is  opposed 
to  the  standard  one  cf  s‘ri rr.r.r  cut  •.  ••  aotu.  'O’Tv'T.'  variable  names 


the  common  stv 


comm * a,  b.  rO),  ; (ih>,  yam 


* 


To  use  Ci'i.fPN  cr.'  :.v:s*  suppl 
TATA  sut program  rust  he  rr-. -par'd 
: leek..  ir.rl'udir.f  a cr:  pT.* ' - a:  ' 


tvr  forms.  First,  a BI.OCK 
:f  i.c  master  COMMON 
aiie  in  COMMON,  EQUIVALENCE 


-err.,  and  ' it!":.':  .....  I : i ' a i A :.  r , t ..,,ram  is  then  compiled 
, d •..■.•utter  as  par*  - • he  r :•  . ".  >. rr.  the  COMMON  map 

■ .-a  *h>-  •'  i n .'  A'  A . v : « ; . • ■'  r : e altered  again.  The 

to  ::  is  da*  a cards  '•v'.Ta:..;  by  subroutine  those 

•mri  : ier  defined  in  7’  Tit .7.  These  v .r.  at  les  .v.ay  he  in  blank  COMMOH  or 
•ii.y  of  the  lare.ed  U IT:  M blacks  def,..-. ; tie  STOCK  DATA  subprogram, 
".he  output  from  .YrEut  M is  *he  ;/”T.  7 , i Mu  hi  l UN , and  EQUIVALENCE 
statements  necessary  for  each  sit  ret.  tine. 
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A*  mtmmtMt — of  Mla«  SPBF*  are  mmI: 

a)  The  format  of  tho  punched  cards  la  unifora.  This  aakss  ths 
IWgws  listing  nost  and  soar  to  read, 
h)  (face  tho  BLOCK  DATA  subprogram  has  b««n  verified  for  accuracy, 
ths  worry  of  aie-equivalencing  a COUCH  variable  la  ended, 
e)  If  significant  changes  are  made  in  the  COMMON  sap  of  a large 
scale  program  such  that  the  equivalence  numbers  are  disturbed, 
only  the  BLOCK  DATA  subprogram  need  be  re-keypunched.  The 
data  cards  used  with  the  old  COMMON  may  be  re-subaitted  with 
SPECPN  to  recover  all  the  COMMON,  DIMENSION,  and  EQUIVALENCE 
statements  for  the  new  COMMON  map. 

BLOCK  DATA  Input  to  SPECPN 

The  BLOCK  DATA  subprogram  must  contain  the  following  four  labeled 
COMCM  blocks: 

C0MTON/ISIZE/I3IZE 
COMON/BLK  /BLK(I) 

common/fmt  /kmt(j)  • 

COmON/XMCCM/XMC  OM  ( ISIZE) 

COWON/ISIZE/ISIZE 

ISIZE  is  an  integer  which  defines  the  si*e  of  XXCGM.  ISIZE  win 
be  3 * N,  where  N is  the  total  number  of  COMMON  variables  defined  in 
the  eaers  program. 

COMM/BIX  /BLK(I) 

BLK  is  a dimensioned  array  which  contains  the  name  of  each  master 
COMCN  block  in  BCD.  The  order  of  the  names  within  BLK  is  arbitrary. 

If  the  following  COMMON  statements  appeared  in  the  user's  program: 

CGKCH/  / BLKl(lOO) , BLK2(5000) 

CdtOi/CCMA/ ABLK1  ( 50 ) , ABIK2(25),  ABLK3(500) 
the  master  COMMON  block  names  BLK1,  BLK2,  ABIK1,  ABLK2,  ABLK3  must  appear 
in  MK  , left  adjusted,  in  BCD.  For  example: 


COMMON  /BLK/BLK ( 5 ) 

DATA  * BLK.  I I ) .1=  1 • 5 » /6HABLK2  »6HBLK1  t 6HABLK3  • 
16HBLK2  *6HABLK 1 / 


I WfUD-OUUd-KU-UU 
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could  bo  uood  to  define  /BIX/  for  thio  program.  Tho  labolod  CGMOM 
block  mmm,  l.s.  COMA,  are  not  opoelfiod  within  BIX. 

comon  / nrr  / fmt(j) 

WT  is  a dimensioned  array  defining  the  COMMON  statements  that 
appear  in  the  user's  program.  All  the  information  in  FMT  is  in  BCD. 
Since  the  format  of  a COMMON  statement  is  so  arbitrary  (is  it  blank 
COMMON,  or  labeled  COMMON;  how  many  variables  etc.)  and  the  elements 
of  the  card  so  variable,  the  user  is  required  to  store  in  FMT  the 
actual  FORMAT  statement  that  would  cause  the  COMMON  statements  deflnsd 
in  the  users  program  to  be  punched.  For  example;  the  COMMON  card 
COMMON  /CCKNAM  / BLKl(lCO),  BLK2(5000) 
could  be  punched  with  the  following  statements 
WRITE  (12,  901) 

901  FORMAT  ( 6X  , 3 .hC(  "'ON/COMNAM/BUCH  100)  »BUC2«5000>  > 

What  goes  into  the  o.rr.v  • M7  is  exactly  what  ths  compiler  would 
generate  in  core  at  loca*i  ; ■ .1:  the  BCD  equivalent  of  what  follow 

the  word  FORMAT,  each  ch.  >r‘r-r  from  " ("  to  the  terminating  ")" 
inclusive.  In  this  example:  1 

COMMON  /F^T/rMT : 7; 

DATA  (I  W ( I I , I « 1 , ' ; '6H(6X»3At6HHC0MM0. 

16HN/C0MN  ! ( 1 00  ) »6n»dLK2  ( .6H5000  ) ) / 

would  be  used  to  load  th  .•  - r:-.y  rlfT.  Each  COMMON  statement  is  specified 

in  the  above  manner,  in  ary  rder  within  FMT.  If  the  final  BCD  word 

for  a given  format  is  r.r*  a i . 1 1 fr  characters,  fill  out  the  word  with 

blames  following  th*  ")  : inr\  •u.'d  "FORMAT"  must  begin  in  a new 

word  within  FMT. 

cokkon/xmcck/xmccm(  :ztz'. 

XMCGM  is  an  I.’  x j array  stored  singly  subscripted  by  rows. 

(N  is  the  total  number  o:‘  'JO l"'.'"  variables  in  the  user's  program). 

In  column  1 of  XMC0M  is  placed  the  name  of  each  COMMON  variable,  left 
adjusted,  in  BCD.  Column  2 of  XMCOM  contains  integer  code  words  of 
the  fora  I * 10000  *-  J.  I is  the  entry  in  BLK  ’which  identifies  the 
master  COMMON  block  nine  appropriate  for  this  variable.  J is  the 
equivalence  number  of  the  given  variable  within  the  master  COMMON 
block.  Column  3 of  XMCOM  contains  integer  code  words  of  the  fora 


as 
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I * 10000  + L.  L it  the  diaension  of  the  given  variable.  (Hoo- 
diaeneior.ed  variables  are  indicated  with  L ■ l)  K is  the  entry  in  PUT 
of  the  first  word  of  the  "FORMA?"  statement  which  identifies  the 
C0H4ON  statement  containing  the  given  master  COMMON  block  name.  A 
sample  XMCOM  will  now  be  constructed  from  the  following  COMMON  map: 

COMMON/ /BIK  1 ( 2A  ) 

COMMON/COMA/ A 6LK 1 ( 50 ! 

EQUIVALENCE.  IHuKl  { ll.CAE  I.IBLICl  C 2>*TEMP  ) 

1.IBLK1  < 12) * C 6 E l-'rLf!  ( 13I.CDAYMN) 

DIMENSION  TEMPI  10  ) .C.'A'-'MNf  12  ) 

EQUIVALENCE  iAdLKi  ( 1)*NPR  )»(AdLKl  { 2 1 #NDPR  I 

I » ( ABL<  1 ( 3), MATRIX) 

DIMENSION  MATRIX  (Ac j 

To  compute  ISIZE,  we  sirapl”  count  the  number  of  COMMON  variables: 

CAE,  TEMF,  CRE,  CMYK.’,  N*'k,  NDFR,  MATRIX...  7 
ISIZE:  3 * V « 21 

C0MM0N/ISI2?:/ISIZL 
DATA  ISIZE  /iZ/ 

The  entries  in  I: IX  will  be  the  master  COMMON  block  names:  , 

BLK1,  ABLK1 

COMMON  / PI Y.  / :>L Y.(2) 

DATA  (BLK(I),  I =2}  / onBLKl  , 6HA2LK1  / 

The  FMT  array  would  be  constructed  frcm  the  following  FORMAT 
statements: 


forma  T I 6 X • . ■ C »./  / PI  » 1 I 2A  i ) 
format  6 ; i wuO'' / icma/abla  i i son 

COMMON/Fm;/-  m ’ , . 

DA  TA  (TM*i  < / • i - i * 4 I / 

16H(  6X  • 16  0MMC.6*’N//PLK  t 6H1  ( 2 A ) ) / 

DATA  (FMT i I • . * =5 ,0 : / 

16H(  6X  .21  »6:‘.  •:  l M V G « fc  H N / C DM  A » 6 H / A B L 1C  1 »6HI  50  ) ) / 
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XMCCM  would  look  u follow#: 

COMMON/XMCOM/ XMCOM ( 2 1 i 
EQUIVALENCE  < XMCOM. I XMCOM) 
DIMENSION  1 XMCOM (21) 

DATA  I XMCOM ( I ) » I ■ 1.21)  / 
16HCAE  • 10001*  100C1. 
26HTEMP  • 10002.  10010. 
36HCBE  • 10012.  10001. 
46HC0AVMN.  10013.  10012. 
56HNPR  • 200C1.  3000 1 • 
66MNDPR  • 20002.  50002. 
76HMATRIX,  2C0C3  . 500^9/ 

T'  1 Til 

© <:•  it  " 


$ 

(!• 

* 

*1! 

V- 


For  compatibility  with  the 
up  as  follows: 


G 


vM**r 

£fc>l»Jv-»lE«/<*a  WD. 
Pm 

C3  M E A/U 


computer,  XMCOM  should  be  set 


DATA  (XMCOV<n.!=  1.21.3)  /6HCAF. 
1.6HNPR  .6HN0PR  ,6M^-TP!X/ 

DATA  ( ( I XMCOM  I ) , ! X V,C0M  ( i - 1 ) ) . J = 


.6HTEMP  .6HCBE 


2,20.3)/ 


►6HCDAYMN 


10001  . 
1 0 0 C 2 » 
10012. 
10013. 
20001  . 


1C001 . 
100 10. 
1000 1 , 
10012 . 
50001  . 


6 20002.  50002 . 

7 200C3  , 500^.8/ 


DATA  CARD  Tncr.it  to  SPEC  FT.' 


The  BLOCK  DATA  subprc  :•  * cu-.  bee  ..cc/e  contains  the  complete 
definition  -f  each  CCMM'L  . ?k  i:i  hi.';  users  program.  The  remaining 
inputs  to  SPECPN  are  a seri  . of  fixed  format  data  cards  describing 
the  individual  COMMON  variables  defined  or  each  subroutine  in  the 
users  program.  The  data  cards  have  the  following  format: 

For  each  subroutine: 

Card  1 Contains  the  subroutine  name  in  columns  1-6. 

This  card  serves  to  identify  the  routine  which 
the  rt-.chort  and  printed  output  from  SPECPN  belongs. 
The  .tame  punched  ir.  cc  1 - 6 may  be  any  combination 
of  alphanumeric  characters  except  ENDSUB  or  E2JDJ0B. 


-1 

i 


i 


CrO  2-(P  - 1) 


Card  H 


Tha  above  series  of  cards  are  repeated  for  as  many  subroutines  as 
desired.  Following  the  final  ENDSUB  card  must  be  placed  a card  with  HJDJOB 
to  indicate  the  end  of  the  input  data.  See  figure  1 and  appendix  for 
an  example  of  the  deck  set-up  and  data  card  samples. 

Output  from  SPECPN 

SPECPN  delivers  both  printed  and  punched  output.  The  first  block 
of  printed  output  will  be  the  XMCOM  array  after  having  been  algebraically 
sorted  about  column  1.  For  each  subroutine  name  card  in  the  data  deck, 
a message  is  printed  stating: 

THE  FOLLOWING  CARDS  ARE  FOR  SUBROUTINE  XXXXXX 
This  card  is  also  punched.  Next,  will  be  the  EQUIVALENCE,  DIMENSION, 
and  COMMON  cards,  in  that  order.  Continuation  cards  are  indicated 
with  an  E in  column  6 for  EQUIVALENCE  and  a D in  column  6 for  DIMENSION. 

A card  image  is  printed  and  punched.  In  the  event  that  a variable  is 
requested  in  the  data  deck  that  does  not  appear  in  XMCOM,  the  following 
error  message  is  printed  only: 

ERROR  - XXXXXX  NOT  IN  XMCOM. 
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Contains  the  C9MQM  variable  asms,  punched  up 
to  22  per  card,  in  eelusns  1 - 6,  7 - 12,  13  - 18,  etc. 
The  variable  names  must  be  left  adjusted  la  each 
field. 

Contains  ENDSUB  in  columns  1-6.  The  entry  ENDSUB 
indicates  to  SPECPN  that  all  the  variables  for 
this  subroutine  have  been  entered.  Columns  7 - 72 
of  this  card  are  ignored. 


Operating  Notes 

One  point  that  should  be  noted  is  the  flexibility  which  results 
from  the  use  of  the  FMT  array  in  the  BLOCK  DATA  subprogram.  As  was 
explained  above,  SPECPN  simply  executes  a WRITE  (12,  FMT(I)  ) in  order 
to  punch  the  Ith  COMMON  statement.  In  theory  then,  the  user  can  direct 


1f90S-400S-t0-00 


fm  m 

i 

v / 

arm  t m pack  mgr  ori,  la  any  arbitrary  format  far  aagr  arbitrary 
street  las.  Par  lnatanoa  tba  user  eauli  plaee  la  Mf  Um  — coaaary 

control  characters  to  causa  canenta  cards  to  ba  panchad  before  or 
after  COMMON  statements,  which  define  the  variables  in  that  COMO 
block.  Another  use  of  FMT  night  be  to  include  DIMENSION  card  inages  for 
those  variables  which  are  multi-dimensioned  in  the  agar's  pragma 
since  there  is  no  provision  in  XMCOM  for  indicating  such. 

This  could  be  accomplished  as  follows: 

a)  Place  in  FMT(J)  the  FORMAT  statement  that  would  cense  the 
desired  DIMENSION  statement  to  be  punched. 

b)  In  the  appropriate  column  3 entry  in  IXMCGM,  act  tbs  dimension 
of  the  aultl-dimensioned  variable  to  1. 

c)  Instead  nf  pointing  to  the  COMMON  card  image  in  FMT  for  this 
variable,  point  to  the  DIMENSION  card  image,  J. 

d)  Be  sure  that  another  variable  in  the  subroutine  list  does 

T 

* 0 

point  tc  the  proper  COMMON  card  image. 

Setting  the  dimension  to  1 will  suppress  the  punching  of  a standard 
DIMENSION  card.  • 

To  aid  the  spot  checking  of  EQUIVALENCE  variables  it  is  a 
go  d practice  to  list  the  variables  in  ascending  EQUIVALENCE  order  on  the 
da  a r.i ; is  f.  t e..:h  subroutine.  If  it  is  desired  to  obtain  EQUIVALENCE 
■ ■ j mast  r CDMMM'  block,  that  is,  have  3IECPM  start  with  a new 

. , Tf,LTNCE  c^rd  f . r each  new  master  COMMON  block,  it  is  only  necessary 
*o  l o,:k  _p  thr  .Aili  ulcs  Ly  COMMON  block  within  a subroutine  and 
submit  e ~h  set.  under  the  name  of  the  tame  subroutine.  The  fact  that 
the  subroutine  name  .s  repeated  within  the  data  deck  is  iaaaterial 
since  it  is  used  only  for  identification  of  the  output. 

the  following  restrictions  should  be  observed  when  naming  SPECPN: 
a)  The  total  size  cf  XMCOM  + BLK  + FMT  must  not  exceed  22,753^ 
cells.  This  is  based  on  the  SPECPN  version  currently  in  use 
an  the  709L 


* V 
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b)  On  not  bn  a subroutine  Mil  with  IVD8UB  or  0DJOB  in  coluacs 
1-6.  Thooo  variables  nay  appear  on  a data  card  providing 
they  aro  not  placed  in  colons  1-6. 

c)  No  variable  name  nay  be  repeated  in  XMCGH. 

d)  When  operating  an  the  7094,  a PUNCH  card  should  be  included 
in  the  administrative  cards  if  anre  than  500  punched  cards 
are  expected  or  if  it  is  desired  to  have  the  punched  cards 
listed  and/or  interpreted. 


I 
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The  following  page  Is  an  example  of  the  data  card 
Ingot  te  SPECPM 


FIRST 

CAE  ACT  DIP  RLT  FAD*  ZOT  NPR  BUM  NON  ONK  HP  TNS 
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